
ENTERTAINING
SCIENCE

EXPERIMENTS
WITHEVERYDAYOBJECTS
Martin Gardner

Illustrated byAnthony Ravielli



DOVER EDUCATIONAL BOOKS
FOR CHILDREN

Science Projects for Young People, George Barr. (25235-3) $3.50

Science Research Experiments for Young People, George Barr.

(26111-5) $3.50

Science Tricks and Magic for Young People, George Barr.

(25453-4) $3.50

The Story of Electricity: With Easy-to-Perform Experiments, George
deLucenay Leon. (25581-6) $4.95

My First Book of Marches, Dolly M. Moon. (26338-X) $3.50

47 Easy-to-Do Classic Science Experiments, Eugene F. Provenzo, Jr.

and Asterie Baker Provenzo. (25856-4) $3.95

Cup and Saucer Chemistry, Nathan Shalit. (25997-8) $3.95

Cut and Make a Human Skeleton, A. G. Smith. (26124-7) $3.95

Science Tricks and Magic for Young People, George Barr.

(25453-4) $3.50

Perplexing Puzzles and Tantalizing Teasers, Martin Gardner.

(25637-5) $3.95

The Story of Electricity: With 20 Easy-to-Perform Experiments,

George deLucenay Leon. (25581-6) $4.95

Easy-to-Do Amusements with Coins, Cards, String, Paper and Matches,
R. M. Abraham. (21127-4) $3.95

Easy-to-Do Entertainments and Diversions with Cards, String, Coins,

Paper and Matches, R. M. Abraham. (20921-0) $4.50

Fun with String Figures, W. W. Rouse Ball. (22809-6) $2.95

Coin Games and Puzzles, Maxey Brooke. (22893-2) $4.50

Tricks, Games and Puzzles with Matches, Maxey Brooke.

(20178-3) $2.95

Hand Shadows to Be Thrown Upon the Wall, Henry Bursill.

(21779-5) $1.95

More Hand Shadows, Henry Bursill. (21384-6) $1.95

My Family Tree Workbook, Rosemary A. Chorzempa. (24229-3) $2.50

Mathematical Fun, Games and Puzzles, Jack Frohlichstein.

(20789-7) $6.95

Codes, Ciphers and Secret Writings, Martin Gardner. (24761-9) $3.50

Entertaining Science Experiments with Everyday Objects, Martin
Gardner. (24201-3) $2.95

Cryptograms and Spygrams, Norma Gleason. (24036-3) $3.95

Fun with Codes and Ciphers Workbook, Norma Gleason. (25405-4) $2.95

Human Anatomy for Children, Use Goldsmith. (22355-8) $2.95

Safe and Simple Electrical Experiments, Rudolf F. Graf. (22950-5) $4.95

Cut and Fold Paper Spaceships That Fly, Michael Grater.

(23978-0) $2.95

Biology Experiments for Children, Ethel Hanauer. (22032-X) $3.50

It's Fun to Make Things from Scrap Materials, Evelyn Hershoff.

(21251-3) $6.95

(continued on back flap)







Entertaining

Experiments
with Everyday Objects

Martin Gardner

Illustrated by

Anthony Ravielli

Dover Publications, Inc.

New York



Copyright © 1960, 1981 by Martin Gardner and Anthony Ravielli.

Copyright © 1957, 1958, 1959 by Martin Gardner.

All rights reserved under Pan American and International Copyright
Conventions.

Published in Canada by General Publishing Company, Ltd., 30

Lesmill Road, Don Mills, Toronto, Ontario.

Published in the United Kingdom by Constable and Company, Ltd.,

3 The Lanchesters, 162-164 Fulham Palace Road, London W6 9ER.

This Dover edition, first published in 1981, is a slightly corrected

republication of the work first published by The Viking Press, N.Y., in

1960, under the title Science Puzzlers. The page of Selected References

has been omitted in the present edition.

International Standard Book Number: 0-486-24201-3

Library of Congress Catalog Card Number: 81-67088

Manufactured in the United States of America
Dover Publications, Inc.

31 East 2nd Street

Mineola, N.Y. 11501



To

M. E. Hurst

a physics teacher

who taught

much more than physics





CONTENTS

Introduction 9 Hot or cold? 42
Take another look! 44

45
Astronomy Mnemonic aids
Watch becomes compass 15
Oatmeal-box planetarium 16 General Mathematics
Penny paradox 17 Topsy-turvy tumblers 47

Reverse ticktacktoe 48
Chemistry

Combustible cube 19 Topology

Lift that cube 20 Tangled couples 49
Copying fluid 21 Knotty problem 50

Physiology Probability

Split personality

Catch the bill

23
24

Boys vs. girls

The three cards

5i

52

Pulse detector 25 Geometry
The crooked path 26 To trisect an angle 53
One or two points? 27 Spin a hypocycloid 54

Geometrical shortcut 55Psychology
Floating frankfurter

Circles on the card

Missing slice

The penetrating match
Moon illusion

29
30
31

32

33

Draw a perfect ellipse

Paper-fold proof

Through the hole

Paradox for squares

Pythagorean pleasantry

56

57
58

59
60

Penny illusion 34 Numbers
See through your hand 35 Matches in the fist 61

Ghost penny 36 Magic with dice 62
Spooky spiral 37 The magic window 63
Paper movies 38 Lightning addition 64
Twirl a thaumatrope 39 Digital computer 65
Pencil illusions 40 Crazy multiplication 66
The illusory pendulum 4i Magic multiplication 67

7



Light
Magic picture 69
Unreversed image 70
Color that isn't there 71
Swizzle-stick code 72
Make a stroboscope 73
Watermark writing 74
Vanishing postage stamp 75
Spectrum on the ceiling 76
Far or near? jj
Picture copier 78
Color complements 79

Gravity
The precarious forks 81

Gravity machine 82
Finger in the bowl 83
Galileo vs. Aristotle 84
Balancing point 85
The floating balloon 86
Anti-gravity cone 87

Static Electricity
Hindu thread trick 88
Unpepper the salt 89
The invisible leg 90

Mechanics
Feedback by the yard 91
Paradox on wheels 92
Make a boomerang 93
The unbreakable match 94
Suspended rice 95
Penny poser 96

Matchbox stabilizer 97
Super-strength 98
Potato puncture 99

Air
Egg in the bottle 100
Dancing dime 102
The Magdeburg tumblers 103
Blowing out a candle 104
The floating ball 105
Smoke rings 106
Boiling without heat 107
Bernoulli's principle 109

Hydraulics
Obedient button 111
Self-starting siphon 112
Mysterious match heads 113
Brim to brim 114
Capillary siphon 115
Two-tone corsage 116
Center the cork 117

Heat
The mysterious arrow 119

Sound
Coat-hanger chimes 121

Franklin's armonica 122
Musical fork 123

Inertia

Snap the checker 125
The egg and I-nertia 126
Dividing an apple 127

8



INTRODUCTION

In selecting experiments for this volume, I have tried to

keep in mind two guiding principles. First, avoid experi-

ments requiring special equipment that cannot be found

in an average home. Second, concentrate on experiments

that, in addition to being amusing, astonishing, or enter-

taining, also teach something of importance about science.

Some of the stunts in this book, I must confess, were

known to the ancient Greeks, but many are quite new and

appear here for the first time inside a book. Who invents

these clever diversions? I sometimes suspect that many of

them are the brain-children of distinguished scientists

who have not lost their boyhood spirit of play. Such a man
was Robert W. Wood, a professor of physics at Johns

Hopkins University. When he was not working on im-

portant projects or writing technical papers, Doctor Wood
amused himself by playing practical jokes on his col-

leagues, exposing pseudo-scientists and spirit mediums,

writing science fiction, and helping the police solve bomb-

ing mysteries. His quaint little book of drawings and verse,

How to Tell the Birds from the Flowers, has been re-

printed in paperback (New York: Dover Publications).

Perhaps you have seen Paul Winchell, the television ven-

triloquist, ink a pair of eyes and a nose on his chin. The
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image of his face is inverted on the screen and Winchell

wears on his head a dummy's costume that covers all of

his face except the mouth and chin. The result is a weird,

pinheaded creature with a flexible, gigantic mouth that

grins when Winchell frowns and frowns when Winchell

grins. This stunt was invented by none other than the

fabulous Professor Wood.

Several decades ago, when there was a spirited public

debate over whether pitched baseballs could really be

made to curve, Wood devised a simple demonstration. He
took a large, flat rubber band, cut it to make one long

strip, then wound it tightly around a Ping-pong ball. By
holding the free end of the band he was able to snap the

ball forward, at the same time imparting to it a strong

spin. The curving of the ball's path was clearly visible.

(This stunt was not included in this collection because

huge flat rubber bands are hard to come by, but Bernoulli's

principle, which explains why baseballs curve, is easily

demonstrated with a spool and card as explained on

page 109).

To get the greatest value from this collection, try to

follow up the experiments with exploratory reading. For

example, after you have learned how to release a tangled

couple (page 49), look up "topology" in a modern en-

cyclopedia. Better still, read the chapter on it in the

fascinating book, Mathematics and the Imagination, by

James Newman and Edward Kasner (New York: Simon

and Schuster, 1940). Don't just set fire to a lump of sugar

(page 19) and then forget about it. See what you can

learn about catalysts and the role they play in important

chemical changes.

10



One other suggestion. If you want to entertain your

friends—and some of the experiments in this book are

superb party stunts—practice them a few times before

you demonstrate. "Harpooning" a raw potato with a soda

straw, for instance, is an amazing parlor trick, but you may
have to damage many straws before you get the knack.

Sherwood Anderson wrote a famous short story, "The

Triumph of the Egg," about a restaurant owner who
failed miserably in trying to show a customer how to

put an egg into a bottle (see page 101). If the poor fellow

had only practiced his trick a few times, he might not

have forgotten what to do to make it work.

If you know, or should you invent, an unusual science

experiment that is not in this collection, drop me a note

about it in care of the publisher. I can't promise that I

will find time to answer your letter, but I shall be most

grateful, and perhaps I will be able to use your stunt

in a second collection.

—Martin Gardner
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WATCH BECOMES COMPASS

Did you know that a watch can be used as a reliable

compass on any day the sun is visible? Simply hold the

watch flat and point the hour hand in the direction of

the sun as shown. Imagine a line running from the center

of the watch through a point midway between the hour

hand and the number twelve. This line will point south.

The rule to remember is this: Before twelve noon, you

bisect the angle formed by going counterclockwise from

the number twelve to the hour hand. After twelve noon,

you bisect the angle formed by going clockwise from the

number twelve to the hour hand.

A little astronomical reflection should make clear why
this works. In our hemisphere, the sun is due south at

noon. If at that time we point the hour hand at the sun,

both the hand and the number twelve will point south.

Before that time, the sun will lie counterclockwise from

the number twelve, and after that time, clockwise. Dur-

ing the twenty-four hours from twelve noon to twelve

noon, the sun will make a complete circle back to its

starting point, but the hour hand will make two circles

in the same direction around the dial. Thus, the distance

the hour hand travels, and the angle determined by its

travel, must be halved.

On the other side of the equator the number twelve must

be pointed at the sun. The angle between this number and

the hour hand will then indicate north.

15



OATMEAL-BOX PLANETARIUM

Cylindrical cardboard boxes, of the type at least one brand

of oatmeal comes in, can be used for projecting beautiful

images of star constellations on the wall or ceiling. Copy

the constellation you wish to study on a sheet of thin

paper. (You can find star charts in books on astronomy

or accompanying an article on constellations in an en-

cyclopedia. ) Place the drawing face down on the out-

side of the bottom of the box. You should be able to see

the star dots through the paper. With a nail, punch holes

through the box at each dot. These holes form a mirror-

image pattern of the constellation, but it will appear

normal when projected.

To operate your "planetarium," take it into a dark room

and insert a flashlight into the open end. Tilt the flash-

light so it shines against the side of the box rather than

directly toward the holes. This will throw an enlarged

image of the constellation on the wall. By turning the

box you can study all positions of the configuration.

16



PENNY PARADOX

How many times does the earth rotate during one com-

plete journey around the sun? The answer depends on

your point of view. As seen from the sun, the earth makes

365/4 turns. But as seen from a fixed star, it rotates

366 !4 times. So the "sidereal day" (a rotation relative

to a star) is a bit shorter than a "solar day."

The extra rotation is easily explained by the follow-

ing simple experiment. Place two pennies flat on a table,

edges touching, as shown. Hold the lower coin firmly with

your left forefinger while you rotate the other penny

around it (the edges should touch at all times). After

the penny is back where it started, how many somer-

saults has Lincoln's head made? The surprising answer is

not one but two. To an observer on the central penny,

the outside penny would rotate only once, but to you, the

"sidereal" observer, an additional rotation has occurred.
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COMBUSTIBLE CUBE

:
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The word "catalyst" is used in chemistry for any substance

that causes a chemical reaction to take place in its

presence, but that doesn't itself take part in the reaction.

This can be demonstrated easily with a sugar cube, a

tiny amount of cigar or cigarette ash, and matches.

First put the sugar cube on a dish and see if you can

set fire to it with a match. You'll find it impossible to do.

Now rub a bit of ash on one side of the cube and try

again. This time it catches fire and burns steadily!

The ash, of course, is the catalyst. Its presence causes

the sugar to ignite, although the ash itself is not combus-

tible and remains unchanged throughout the burning.

19



LIFT THAT CUBE

A single ice cube is floating in a glass of water. You hold

a piece of string about four inches long. Problem: with-

out touching the ice with your fingers, lift the cube out

of the glass with the string.

This puzzle should be presented at the dinner table

where a salt shaker is available, for the solution makes

use of the fact that salt causes ice to melt. Lay the string

across the cube, as shown. Sprinkle salt on top of the

ice. The ice around the string will start to melt. But

in doing so, it will lose heat, and the cold ice cube will

cause the salt water to freeze again. After a minute or

two, lift the string. The cube will adhere tightly to it!

There is a lesson here for anyone who sprinkles salt

on an icy sidewalk. Unless you use enough salt to melt all

the ice, the water will freeze again.

20



COPYING FLUID

-•**,

With the aid of this fluid, newspaper photographs and

cartoons can be transferred easily from the newsprint to

blank sheets of paper. To make the fluid, mix four parts

of water with one part of turpentine. Add a bit of soap

about the size of a pencil eraser and shake the mixture

until the soap is dissolved. The purpose of the soap is

to form an emulsion that keeps the turpentine and water

(which have different specific gravities) from separating.

To copy a newspaper picture, moisten the picture with

the liquid, place a blank sheet of paper on top, then rub

the paper vigorously with the bowl of a spoon. The

turpentine dissolves enough of the ink so that a reverse

impression of the picture is transferred to the paper.
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SPLIT PERSONALITY

Fifty years ago a German school of crank psychologists

maintained that every individual has two basic sides to

his personality and that the two sides could be revealed

by this simple test. Obtain a front-view photograph of

the person to be analyzed and a pocket mirror
(
preferably

one without a frame). Place the edge of the mirror

vertically on the center of the face, as shown. You will

see a composite face formed from two left sides of the

photograph. Turn the mirror the other way and you will

see a composite face formed from two right sides of the

picture.

These two "test faces" were supposed to indicate the

two sides of the individual's personality. For example,

one face may look happy and the other sad. Today no

reputable psychologist takes this seriously. But the test

is nevertheless interesting, because it proves that the two

sides of most faces are not nearly so much alike as one

would suppose. Try the test on your own picture. You'll

be amazed at how different your "two" faces are.
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CATCH THE BILL

Hold a dollar bill in your left hand as shown, your right

hand poised to catch the bill, but with fingers and thumb

not quite touching it. If you release the bill, you'll find

it easy to catch with your right hand before it falls to the

floor.

Now, see if someone else can catch the bill when you

release it. Let him place his thumb and fingers on either

side of the bill, as you did before. Drop the bill. His

fingers will close on empty air. You can repeat this as

often as you wish. Chances are he wont be able to catch

the bill.

The reason why the trick is so easy when you try it

on yourself is that your brain is able to send "release" and

"catch" signals simultaneously to your two hands. But

when you hold the bill for someone else to catch, his

brain must first see the bill fall, then send a catch signal

to his fingers. This takes just a trifle too long to permit

a successful catch.
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PULSE DETECTOR

There are many kinds of expensive equipment, costing

hundreds of dollars, for translating the human heartbeat

into some sort of visual phenomenon. This simple device,

costing less than a penny, will enable you to see your own

heartbeat quite distinctly.

Just stick a thumbtack into the base of a large wooden

kitchen match and balance it on your wrist, at the spot

where you can feel the pulse. The arm should be resting

comfortably on a table. The head of the match will vibrate

slightly, like a tiny metronome, with each pulsation of

your heart.
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THE CROOKED PATH

Drawing pictures or printing letters is enormously difficult

for a young child. The reason: he has not yet built up

a store of conditioned reflexes that tell him how to move

his hand to produce a desired visual effect. Here's an

amusing way to put yourself in the child's place and

experience something akin to his problems of co-ordinat-

ing hand and eye.

Place this page on a dresser in front of the mirror.

Pile some books between you and the page, so that you

can see the page only by looking over the books and into

the mirror. Reach around the books with a pencil in hand,

and place the point at the spot marked "Start." Now see if,

looking only in the mirror, you can trace the entire path

without going over the borders. It isn't easy, because your

deeply ingrained eye-hand habit patterns fail to apply

to the reversed image.
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ONE OR TWO POINTS?

Bend open a hairpin until its points are about an inch

and a half apart. Ask someone to close his eyes and tell

you whether you are pressing one or both points of the

hairpin against his forearm. Surprisingly, he'll be unable

to distinguish one sensation from the other. The widely

separated points will feel exactly like a single point.

Now close the hairpin until its points are only Vie of an

inch apart. Repeat the same test on the subject's finger

tips. This time, he'll have no difficulty distinguishing one

from two points.

Different parts of the body vary enormously in their

ability to distinguish separate points of pressure. You can,

if you wish, make a chart of body sensitivity.
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FLOATING FRANKFURTER

To see this curious optical illusion, first place the tips of

your index fingers together, holding them about three

inches in front of your eyes as shown. Look past the

fingers, focusing your eyes on something in the distance.

Now separate the tips of your fingers about half an inch.

You'll see a "wienies-shaped finger, with a nail at each

end, floating, all by itself, in the air between your finger

tips!

This is what happens. By focusing on a distant point,

you prevent the separate images of your fingers (one

image in each eye) from fusing properly. The position of

your hands is such that your left eye's image of your left

finger and your right eye's image of your right finger par-

tially overlap to form the solid-looking "wienie" that

seems to be floating in space.
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CIRCLES ON THE CARD

Draw four heavy lines on a file card or rectangular piece

of cardboard, as shown. Push a pin through the center

and, holding the pin, spin the card. Surprisingly, you will

see two concentric circles.

This puzzling illusion arises from the fact that there is

a spot on each line which traces a smaller circle than any

other spot while the card is spinning. This results in a

maximum concentration of blackness along this circle,

making it visible.

The trick works with only one set of lines, but drawing

a second set opposite the first will strengthen the illusion.



MISSING SLICE
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A slice is obviously missing from the cake in the next

column. To find the piece, turn the picture upside down.

Here is the explanation of this startling optical illusion:

When we turn the picture upside down, it is still possible

to view it as an inverted cake with a missing slice. But

since we almost never see a cake from this odd angle, our

mind has an irresistible tendency to interpret the ellipses

as the side of a cake pan viewed from above. As a result,

the straight lines are seen as a solid slice of cake rather

than as a depression left by a slice that has been removed.
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THE
PENETRATING
MATCH ,a

Two wooden matches and a small rubber band are all the

props you need for this astonishing optical illusion.

Trim the head neatly from one match. Loop the elastic

over your left thumb and forefinger, as shown. Put the

headless match through the band, wind it very tightly in

the direction of the arrow, and wedge a piece of the other

match between thumb and finger to keep the first match

from unwinding. Then, with the tip of your right fore-

finger, move match end A in the direction of the arrow.

This will bring end B against the underside of the wedged

match.

Now for the trick. Announce that when you say the

magic word, end B will pass right through the wedged

match. Say "Abracadabra" and raise your right forefinger

just enough to allow B to snap back against your finger.

Its motion will be so rapid that the movement will be in-

visible. With a little practice, you'll be able to keep the

movement of your forefinger almost invisible, too, so that

your audience will get the impression that one match has

melted right through the other.
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MOON ILLUSION
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One of the most perplexing of all natural illusions is the

apparent size of a full moon when seen low on the hori-

zon. Six hours later, when almost overhead, its size seems

to have diminished greatly. Yet, photographs show that

the diameter of the disk is the same in both positions. The

illusion persists even in a planetarium, with projected

images of the moon.

Scientists do not agree on why this happens. The most

widely accepted theory, which goes all the way back to

the ancient Alexandrian astronomer Ptolemy, is that the

horizon moon looks larger because we can contrast its size

with such terrestrial objects as distant trees and houses.

But this fails to explain why the illusion is just as strong

at sea.

For a good discussion of the illusion see the cover article

by Lloyd Kaufman and Irvin Rock in Scientific American,

July 1962.
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PENNY ILLUSION

Can you place a penny flat on this picture of a table in

such a way that the penny does not touch any of the four

sides of the table top?

It certainly looks possible, but when you try it, you will

discover that the penny is too large. The illusion is caused

partly by the angle of perspective in the drawing and

partly by the fact that pennies are a trifle larger than we
remember them to be.
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SEE THROUGH YOUR HAND

V
m

Roll a sheet of paper into a tube. Put one end of the tube

to your right eye, like a telescope, and hold your left hand,

palm toward you, against the tube. Both eyes must be

kept open. Focus your vision on the opposite wall of the

room. You will seem to be looking straight through a hole

in your left hand! By sliding the hand back and forth

along the tube, you can find a spot where it will look as

though the hole is exactly in the center of the palm of your

hand.

The illusion is the result of binocular vision. The out-of-

focus image of the hand in your left eye overlaps what

you see with your right eye.

If you shift your focus to your left hand, you will see

the hole move away from the hand. Change the focus

back to a distant object, and the hole moves back to the

hand again.
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GHOST PENNY

An interesting optical illusion is easily demonstrated with

two pennies. Grip the pennies between the tips of your

index fingers held vertically as shown in Fig. 1. Rub the

pennies against each other with short, rapid, up and down
movements. A third penny will mysteriously appear be-

tween and below the other two, as shown in Fig. 2.

The ghost penny is caused by a momentary retention on

your retinas of images of the two coins in their lowest posi-

tions. But why the ghost penny always appears below and

not above is a bit harder to understand.
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SPOOKY SPIRAL

Would you doubt that the picture above shows a spiral

line twisting out from the center? Trace any portion of

it with the point of a pencil, and you'll discover that it is

not a spiral. It is a series of concentric circles.

This remarkable optical illusion belongs to a class

known as "twisted-cord illusions." They may be produced

by twisting together a black and a white strand to make

a single cord, then placing the twisted cord on variously

patterned backgrounds. There are many theories, but

there is no general agreement among psychologists as to

why these illusions deceive the eye.
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PAPER MOVIES

Cinematic motion is an illusion produced by a series of

still images flashing rapidly across the screen. The prin-

ciple is strikingly demonstrated with this paper toy.

Fold in half a paper rectangle, three by eight inches

(Fig. 1). On the lower leaf draw the face shown in Fig.

2. On the upper leaf, draw the face in Fig. 3. Roll the

upper leaf into a tube ( Fig. 4 )

.

Your left finger holds the upper left corner to a surface,

while your right hand holds a pencil above the curled leaf,

as shown. Move the pencil rapidly up and down, causing

the curled leaf to unroll and roll up again. An amusing

motion-picture effect will result.
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TWIRL A THAUMATROPE

A thaumatrope is a toy device for demonstrating "retinal

retention." This is the ability of the eye's retina to retain

an image for a split second after the source of the image

is withdrawn. A thaumatrope can be made as follows/:

Cut out a square piece of cardboard, each edge of which

measures about 1% inches. Punch a hole near each of two

opposite edges. Then attach short pieces of cord as shown.

Draw a large fishbowl on one side of the square and a

small fish on the other side. Hold a string between the

thumb and first finger of each hand. By sliding the thumbs

over the fingers, you can twirl the square rapidly. While it

is twirling, you will see a composite picture of the fish in-

side the bowl.
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PENCIL ILLUSIONS

An astonishing sensory illusion can be produced with a

pencil. Hold it between your thumb and first finger, near

one end as shown. Then move the hand straight up and

down in short, quick shakes, covering a distance of no

more than two inches. Don't try to wiggle the pencil with

your thumb and finger. Just hold it in a loose grip so it

wobbles slightly as your hand goes up and down. If this

is done properly, the pencil will look exactly as though it

were made of soft rubber that bends with every shake.

ff#r'
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THE ILLUSORY PENDULUM

\

A startling, little-understood optical illusion can be dem-

onstrated with a pendulum and a pair of dark glasses.

Make the pendulum by tying a small object to one end of

a two-foot length of string. Let someone stand across the

room and swing the pendulum back and forth on a plane

perpendicular to your line of vision.

View the pendulum by holding the spectacles so that

only your right eye is seeing through a dark glass. Both

eyes must remain open. The pendulum will appear to

swing in a clockwise circle!

Now shift the dark glass to your left eye, keeping both

eyes open as before. The pendulum will switch its direc-

tion of rotation and seem to swing counterclockwise!

The illusion arises from the fact that darkened retinal

images are more slowly transmitted to the brain than bright

images.
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HOT OR COLD?
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Before thermometers were invented, everyone judged how
hot or cold something was by the way it felt. The follow-

ing simple experiment shows how unreliable this method

is.

Take three glasses. Fill one with very hot water, an-

other with ice water, the third with water at room tem-

perature. Put a finger of one hand in the hot water, a

finger of the other hand in the cold. Hold them there for

about a minute. Then use the two fingers, one at a time,

to test the temperature of the glass of water at room

temperature. This water will feel warm to the finger

that has been in cold water, but quite cool to the

finger that has been in hot water.

Judging subjectively ( by personal reaction ) rather than

objectively ( by scientific measurement ) is one of the com-

monest causes of error. When you are in a hurry to get

somewhere in a car, doesn't the traffic seem to move with

annoying slowness? But when you're out for a Sunday

drive, what a rush everyone else seems to be in!
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TAKE ANOTHER LOOK!

If you glanced at the triangle above and read the words

within it as "Paris in the spring," you'd better take a

second look.

The fact is that most of us read by seeing certain word

patterns as a whole
(
psychologists call this unified pattern

a Gestalt ) , rather than by looking at each word individually.

People who read rapidly in such fashion make poor proof-

readers because their eyes slide rapidly over mistakes like

the repeated word in the triangle.

You can have a lot of fun showing this triangle to your

friends. You'll be surprised how many can't read it cor-

rectly even after a sixth or seventh look.

44



ii J

MNEMONIC AIDS

Hard-to-remember bits of information can often be stored

in the memory by using mnemonic (memory) aids. Here

are several examples of how it can be done:

Which side of a ship or airplane is the port side? You

can remember that it is the left side, as you face forward,

because "left" and "port" have the same number of letters.

Is the port light red or green? Red, because port wine is

red. Are stalactites or stalagmites found at the tops of

caves? Stalactites because they stick tight to cavern ceil-

ings.

Mathematicians sometimes remember pi to seven deci-

mal places by recalling the sentence, "May I have a large

container of coffee?" The number of letters in each word

stands for a corresponding digit of pi.

The illustration above shows how your fists may be

used for remembering the number of days in each month.

Mentally label the knuckles and the spaces between them,

from left to right, with the names of the months in proper

order. All knuckle months have 31 days. The others have

30, except February. It has 28 days, except in leap years,

when it has 29.
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GENERAL MATHEMATICS
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TOPSY-TURVY TUMBLERS

Here's an amusing mathematical trick to spring on your

friends. Set three empty drinking glasses in a row on the

table, center glass right side up and end glasses inverted,

as shown. The idea is to turn two glasses at a time and,

in exactly three moves, to get all of them right side up.

To demonstrate the procedure, seize glasses A and B,

one in each hand, and turn them both over simultaneously.

Do the same with glasses A and C, then repeat with A and

B. Result: all three glasses are upright.

Now comes the sneaky part. Casually turn the center

glass upside down, and challenge someone to get all three

of the glasses right side up, as you have just done.

Chances are, no one will notice that the glasses are

arranged differently than when you began. You started

with two down, one up; now two are up, one down. The

mathematics of the trick are such that, from this new
starting formation, the puzzle can't be solved in any

number of moves.

Your victims will be frustrated until some sharp-eyed

spectator notices the skulduggery.
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REVERSE TICKTACKTOE

A mathematical game can sometimes be reversed so that

the object of play is to force the other player to win. This

usually results in a surprisingly different mathematical

structure. Giveaway checkers is a familiar example. Less

well known is the reverse form of ticktacktoe. In this, the

first player to get three marks in a row loses.

Reverse ticktacktoe is more complicated than the regu-

lar game. The second player has a strong advantage and

can always win (if he plays correctly), unless the first

player opens in the center cell. In that case, if the first

player always takes a cell directly opposite his opponent's

last move (so that three marks are in a line) the game is

sure to end in a draw, as in the one shown.

The best plan to follow in playing against someone

who does not know the symmetry strategy just explained

is to play each time so that you leave your opponent a

maximum number of ways to win. Try a few games, and

see how much fun it is.
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TOPOLOGY TANGLED COUPLES

The study of knots and linkages belongs to a branch of

geometry called topology. Here's a topological puzzle

that makes an entertaining party game.

Divide the guests into couples. Each couple ties a piece

of string to their wrists, with the two strings linked to-

gether as shown. A prize goes to the first couple to unlink

themselves without cutting or untying the cord.

The puzzle is solved by passing the center of one string

under the string around the other person's wrist, then over

his hand, then back under the string again.

49



KNOTTY PROBLEM

Lay a piece of rope or cord out straight on a table. Chal-

lenge anyone to seize one end in each hand and tie a

knot without letting go of either end.

It seems physically impossible, yet it can be done easily.

The trick is to fold your arms first and then bend over

and pick up the rope as shown. When you unfold your

arms, an overhand knot will form in the center of the rope.

It is interesting to note that two geometrically distinct

types of knots can be tied in this manner, depending on

whether you cross your right arm over the left or left

over the right. The resulting knots are mirror images of

each other.
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PROBABILITY BOYS VS. GIRLS

Let's suppose that you marry and have four children.

How many will be boys, and how many will be girls?

There are three possibilities: they may all be of one

sex, there may be three of one sex and one of the other,

or the sexes may be balanced two and two. Which pos-

sibility would you say was most likely?

Most people think the 2-2 combination is most likely,

but the most probable combination is actually 3-1. You

can prove this by making a list of the 16 possible permuta-

tions of four children, each of which may be male or

female.

You will discover that eight of these are 3-1, giving a

probability of 8:16, or 1:2 that the children would com-

prise three boys and one girl or three girls and one boy.

Only six of the permutations are 2:2, making the probabil-

ity of this event 6:16 or 3:8. The remaining possibility

—

that they would all be of one sex—occurs only twice on

the list, giving it a probability of 2:16, or 1:8.

OOOO OOOOOOO^ OOOOOOOO OOOOOOOO OOOO
OOOO OOOOOOOO OOOO
OOOO OOOO
OOOO OOOO
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THE THREE CARDS
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The odds of winning in certain games are often quite

different from what you would expect. Suppose you have

three cards : one is black on both sides (BB ) , one is white

on both sides (WW), and one is black on one side and

white on the other (BW). You shake them in a hat, then

take out a card and place it on the table. What are the

odds that the underside will match the upper?

If the top of the card is black, you might reason as

follows: "This cant be the WW card. Since it is just as

likely to be the BB as the BW, the odds that the under-

side is black must be even."

As a matter of fact, the odds are two to one! There are

three, not two equally possible cases: ( 1) the visible black

side is on the BW card; (2) it is one side of the BB;

(3) it is the other side of the BB. In two of these cases

the underside matches the upper, as against only one in

which it doesn't.
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GEOMETRY TO TRISECT AN ANGLE

Trisecting an angle, using only compass and straight edge,

was one of the great classical problems of antiquity.

Modern mathematics has proved it impossible, but here

is a simple and ingenious mathematical device that tri-

sects accurately.

Cut a piece of cardboard to the pattern shown in Fig.

1. Place the device on the angle so point A lies on one side

of the angle, edge B intersects the angle's vertex, and the

curved edge is tangent to the other side (Fig. 2). Make
dots on the paper at points C and D, draw lines from

the angle's vertex through the dots, and there you have

it! If the angle is too acute for the device to fit, you can

always double the angle, trisect it, then bisect each tri-

section to obtain trisections for the original angle.

Now see if you know your plane geometry well enough

to prove that the instrument will trisect.

FIG. 1
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SPIN A HYPOCYCLOID

A hypocycloid is a curve traced by a point on the rim of

a circle when that circle is rolled around the inside rim

of a larger circle. For example, Fig. 1 shows a three-cusped

hypocycloid, called the "deltoid," that results when the

rolling circle has a diameter one-third that of the larger

circle.

See if you can guess the shape of a hypocycloid gen-

erated by a small circle with a diameter exactly one-half

that of the large circle (Fig. 2). Then test your intuition

by cutting a cardboard circle of the right size and rolling

it around the inside of the rim of a circular pie pan. You'll

be surprised at the answer!
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GEOMETRICAL SHORTCUT

In most geometry classes, you are taught to find the center

of a given circle by a fairly complicated compass pro-

cedure. Here's a short-cut method used by commercial

artists. It often comes in handy.

Place the corner of a sheet of paper on the circle's cir-

cumference ( Fig. 1 ) , then mark points A and B where the

sides of the paper intersect the circle. The position of

the sheet does not matter in the least. Points A and B
are certain to mark the ends of a diameter.

Use the edge of the paper to rule in lightly the diameter,

then repeat the procedure at a different spot to get an-

other diameter (Fig. 2). The two lines intersect at the

circle's center.

55



DRAW A PERFECT ELLIPSE

A circle is easily drawn with a compass, but how would

you go about drawing a perfect ellipse? Here's an easy

method.

Stick two pins in a sheet of paper. Tie a string into a

loop and put the loop over the pins. Stretch the string

taut with the point of your pencil, as shown. Then move

the pencil around the pins. It will trace a perfect ellipse.

This technique demonstrates the fundamental geo-

metrical property of the ellipse: lines drawn from the two

foci to any point on the ellipse always have a constant

sum. In this case, the pins are at the foci, and string

segments AC and BC are the two lines to a common point

on the curve. Since segment AB stays the same length,

the sum of AC and BC must remain constant while your

pencil traces the curve.

As you move the pins closer together, keeping the same

size loop, you'll find that the pencil traces broader and

broader ellipses. When the foci come together, youll have

a circle.



PAPER-FOLD PROOF

180°

Your geometry teacher may not approve of this absurdly

simple way to prove that the sum of all the angles of a tri-

angle is equal to a straight ( 180-degree ) angle. All the

same, the proof is quite convincing.

Cut a triangle of any size or shape out of a piece of pa-

per. By folding over the corners, as shown, you can easily

make the three angles fit neatly together to form a straight

angle at the triangle's base.
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THROUGH THE HOLE

Place a dime on a small square of paper, and trace around

it with a pencil. Cut along the line to make a dime-sized

hole ( Fig. 1 ) . Can a quarter be pushed through this hole

without tearing the paper?

The surprising answer is yes. Fold the paper across the

hole, with the quarter inside (Fig. 2). It is now a simple

matter to push the coin through the hole, as shown in Fig.

3. In similar fashion you can push a half dollar through a

hole the size of a nickel. For the trick to work, it is only

necessary that the circumference of the hole be a trifle

more than twice the diameter of the coin to be passed

through it.
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PARADOX
FOR SQUARES

3 4
The four figures illustrate an amusing "proof that the

diagonal of a square is equal in length to twice the

square's side!

Suppose the square to be 100 units on the side. In Fig.

1, we drew a zigzag path from corner A to corner B,

making each step 25 units broad and 25 units high. The

length of this path is clearly 200 units, which is twice the

square's side. In Fig. 2, the steps are shortened to 20

units, but the length of the path remains the same. In

fact, it remains 200 units no matter how small we make

the steps (Figs. 3 and 4), provided the sides of each step

are parallel to the sides of the square. Eventually the

steps become so minute that the path apparently will

become a straight line. But it will still be 200 units long!

The explanation is that no matter how small the steps

are made, they will never vanish. In other words, the

zigzag path will never become a straight line.
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PYTHAGOREAN
PLEASANTRY

PARALLEU

Hundreds of ingenious proofs have been devised for the

famous Pythagorean theorem, or forty-seventh proposi-

tion of Euclid, which states that the square on the hypot-

enuse of a right-angled triangle equals the sum of the

squares on the other two sides. Here is a highly un-

orthodox but convincing way to demonstrate the theorem

with the aid of a pair of scissors.

First draw the squares on the two shorter sides of any

right-angled triangle. Divide the square on the larger of

these sides into four parts by two lines at right angles to

each other and intersecting at the center of the square.

One of these lines must be parallel to the triangle's hypot-

enuse.

Now cut out the small square and the four parts of the

larger one. You'll find that these five pieces will fit to-

gether neatly to form the square on the hypotenuse! Now
that you have demonstrated the theorem, can you prove

it mathematically?
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NUMBERS MATCHES IN THE FIST

If you add all the digits of a number and subtract the

total from the original number, you'll find that the answer

will always be a multiple of nine. An entertaining mind-

reading trick can be based on this curious fact.

Hand an unused folder of paper matches to some-

one. Turn your back and request him to follow these in-

structions:

1. Tear out any number of matches from 1 to 10 and put

them in his pocket.

2. Count the remaining matches, add the two digits

of this number, and tear out matches that correspond to

this total. For example: if he counts 16 matches in the

folder, 1 plus 6 is 7, so he tears out 7 matches. These

matches are also pocketed.

3. Tear out any number of the remaining matches, this

time holding them in his fist.

You turn around, glance at the open folder, and tell him

the number of matches he is holding in his fist.

The secret: step 2 above will always leave 9 matches.

Count the matches left in the folder and subtract from

9 to learn the number he has concealed in his fist.



MAGIC WITH DICE

8+7=15

The fact that opposite sides of a die always total seven

underlies many unusual mathematical tricks with dice.

Here is one of the best:

Turn your back while someone tosses three dice. Ask

him to: (1) add all the uppermost faces; (2) pick up one

die and add the bottom face to the former total; (3) roll

this same die again and add the number it shows on top

to the previous total.

Turn around and point out that you have absolutely

no way of knowing which of the three dice was used for

the second roll. Pick up the dice, shake them in your

hand a moment, and then announce the correct total!

How do you know? Simple. Merely total the top faces

of the three dice before you pick them up, and add seven.

With a little thinking, you should be able to see why this

works.
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THE MAGIC WINDOW

'
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Ask someone to jot down any three-digit number in which

the first and last digits differ by at least 2. Suppose he

writes 317. Tell him to reverse the digits and subtract

the smaller number from the larger (713 minus 317 leaves

396). Finally, he must reverse the digits in this answer

and add them to the answer (693 plus 396 equals 1089).

"Now, if you will please breathe on that windowpane,"

you say to him, pointing to one of the windows in the

room, "you'll see your final answer on the glass/' When he

breathes on the glass, the number 1089 magically appears

on the misted pane!

The secret is quite simple: the answer is always 1089.

Before doing the trick, mix some detergent in a glass

of water, dip your finger in the liquid, and write 1089

with the tip of your finger on the windowpane. The writ-

ing is invisible when dry, but when someone breathes on

the glass the area touched by your finger will not fog.
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LIGHTNING ADDITION

Anyone can be a lightning-fast calculator if he knows the

secret of this addition trick:

Ask someone to write any five-figure number on the

blackboard. You then write a five-figure number beneath

it, apparently at random. Actually, you choose your digits

so that each one, added to the digit above it, will total

nine. For example:

His number: 45623

Your number: 54376

Tell the person to put a third five-figure number beneath

your number. You then write a fourth number, using the

same nine-principle. After he has written a fifth number,

you draw a line under it and without a moment's hesita-

tion write the correct total. More startling still, you write

it from left to right!

How do you do it? Just subtract 2 from the fifth number

and put 2 in front of what is left. For example: if the

fifth number is 48765, the total will be 248763.
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DIGITAL COMPUTER

In parts of Russia, peasants still use their fingers as "digital

computers" (an appropriate name!) for multiplying num-

bers from 6 through 10. The method is interesting. Want

to try it?

Mentally number your fingers from 6 to 10, as shown in

Fig. 1. Suppose you wish to multiply 7 by 8. The tip of a

7-finger (on either hand) is placed against the tip of the

8-finger on the other hand ( Fig. 2 ) . The touching fingers,

together with all fingers below them on both hands, rep-

resent tens. In this case there are 5 such fingers. Five

tens are 50.

The next step is to multiply the number of remaining

fingers on the left hand by the number of remaining

fingers on the right. Three times 2 is 6. Then add 6 to 50

to obtain the final answer: 56. The method never fails.

3x2=6



CRAZY MULTIPLICATION -

23^17
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There are many methods of multiplying numbers of more

than one digit. Here is one of the strangest.

Suppose you wish to multiply 23 by 17. Half of 23 is

li 1
/^. Ignore the fraction, and put 11 under 23 as shown.

Half of 11 is 5%. Again ignore the fraction, and put down

5. In short, form a column of successive divisions by 2,

omitting all remainders. Continue until you reach 1.

Form a corresponding column under 17. But this time

double each number to obtain the one below. Continue

until you have a number opposite the 1 in the left-hand

column. Draw a line through any row (in this case there

is only one) that has an even number on the left. Now
add the numbers remaining in the right-hand column.

Believe it or not, the answer will be the product of 23 and

17. The method is based on the binary number system and

works with any pair of numbers, no matter how large.

Why it works is too complicated to detail here. But if

you are interested, you will find it clearly explained in

Chapter 3 of Helen Merrill's Mathematical Excursions.
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MAGIC MULTIPLICATION

Here's an amusing number trick to show your friends.

First jot down on a sheet of paper the "magic number"

12,345,679. It's an easy number to remember because it

consists simply of all the digits (numbers from 1 through

9) in serial order with the 8 omitted.

Now ask a friend to tell you his favorite digit. What-

ever number he chooses, multiply it in your head by 9
and write the result beneath the magic number. For ex-

ample, if he tells you his favorite digit is 3, you put 27

below the magic number. Then ask him to multiply

12,345,679 by 27. The answer is sure to astound him, for

it will consist entirely of 3's—the very digit he selected I

The trick works just as well with any digit. Try it and

see.
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MAGIC PICTURE

A popular novelty in Japan is a glass with a picture on the

bottom that is invisible until the glass is filled. Such a

glass can be made easily with dime-store materials. You

will need a thick-sided glass jigger (the interior of which

narrows to about the size of the tip of your finger), a

transparent glass marble about % inch to % inch in di-

ameter, and some quick-drying cement. Transparent glass

marbles are sold in various colors for use in goldfish bowls.

Drop the marble into the jigger, then with a toothpick

put a ring of cement around the marble, where it touches

the glass, to hold it firmly in place. Paste a small picture

on the outside bottom of the glass, picture side toward

the glass. If you wish, paint the outside bottom of the

glass black to conceal the fact that something is pasted

there.

When you look down into the glass you will see nothing,

because the picture is beyond the focal length of the mar-

ble. But when you fill the glass with water, the picture

appears suddenly in magnified form! The reason for this

is that liquids have a much higher refractive index than

air. This alters the focal length of the sphere, or marble,

causing it to act as a convex lens focused on the picture.

69



UNREVERSED IMAGE

When you look into a mirror, you don't see yourself the

way others see you. You see a reversed image. If you part

your hair on the left, your image parts its hair on its right,

and so on.

With the aid of two pocket mirrors
(
preferably without

frames), you can actually see your face the way others

see it. Hold the mirrors at right angles to each other and

look directly into them as shown. You'll be able to adjust

the mirrors until they form a perfect reflection of your

face.

Now, wink your right eye. Your image will wink its

right eye, just the opposite of what you would see in an

ordinary mirror. The reason is that each mirror reflects the

image in the other, so that what you see is actually a

reflection of a reflection, or a reversal of a reversal, which

of course is the same as no reversal at all.
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COLOR THAT ISNT THERE

"Subjective color" is the term physicists apply to colors

that appear when you are watching rapidly alternating

patterns of black and white. To demonstrate this puzzling

phenomenon, copy the circle shown and mount it on card-

board. Push a pin through the center dot so you can spin

the disk.

While the disk is whirling you will see concentric circles

richly tinted with different colors! Reverse the direction

of spin and the order of colors will also reverse!

Gustav Fechner, a nineteenth-century German physicist,

was the first to construct such a disk. Since then, physicists

have been unable to agree on just what causes these

curious color sensations. A few years ago, a Chicago tele-

vision performer spun a large wheel of this type, and

people watching his program saw the colors quite clearly

on their black-and-white television screens.
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SWIZZLE-STICK CODE

To decode the secret message below, you must use a solid,

cylindrical, transparent glass or plastic rod. Dime stores

sell them to be used for stirring mixed drinks. Hold the

rod over the printing, close to the page, and the message

will be readable through the rod.

The code used in the message is based on the fact that

when you look at printing through the rod, its refractive

power reverses each letter and at the same time inverts it.

So all you have to do is print your message in the follow-

ing code:
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MAKE A STROBOSCOPE

)

A stroboscope is a device that cuts off light at regular

intervals of time. When you look through it at a rhyth-

mically moving object, the motion seems to slow down or

even to stop. A simple stroboscope is easily made by cut-

ting eight narrow slots at evenly spaced intervals around

the rim of a cardboard circle. Put a pin through the center,

and stick the pin into the eraser of a pencil so you can spin

the disk in front of one eye, as shown.

Look through the moving rim at a rotating object—

a

spinning phonograph record, electric fan, or even a mirror

reflection of the stroboscope itself. Depending on the

relative speeds of the stroboscope and object, the object

will appear to be stationary or to move slowly in the

direction of its actual spin or to move slowly in the op-

posite direction. This is because you see the object only

at regularly spaced instants and do not see its movements

in between.

Stroboscopic illusions are frequent in motion pictures,

because the movie camera takes its series of pictures at

evenly spaced intervals.
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WATERMARK WRITING

WET SHEET -DRY
SHEET

As every stamp collector knows, a watermark is an invisible

imprint on a postage stamp, for identification purposes.

It becomes visible when the stamp is immersed in liquid.

Watermarks are produced by applying pressure that

mashes the fibers of the paper and thus changes the way
they reflect light when wet. Watermarks are easy to make

and provide a novel, little-known way to write secret mes-

sages.

Dip a sheet of blank paper in water, place it on a

smooth, hard surface (such as a windowpane or mirror),

and cover it with a dry sheet. Write on the dry sheet,

using a hard lead pencil and firm pressure. Discard the

dry sheet. You will find the writing clearly visible on the

wet one. The writing will vanish without a trace when

the paper dries, but will reappear when the sheet is

dipped in water.
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VANISHING POSTAGE STAMP

Place a postage stamp face up on a table. Set a glass of

water on the stamp. Then cover the glass with a saucer,

as shown. The stamp disappears! Walk around the glass,

peering into it from any angle you please. The stamp is

completely invisible.

The explanation lies in the phenomenon of refraction

—

the bending of light rays when they pass at an angle

from one medium to another. The dotted lines show how
light rays are refracted upward when they pass from water

to air and how they strike the underside of the saucer.

Since the saucer screens off all refracted rays, there is

no angle from which the postage stamp can be seen.

\
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SPECTRUM ON THE CEILING

One of Isaac Newton's most famous experiments was done

with a beam of sunlight passing through a prism to form

rainbow colors on the wall. You can perform a similar

experiment with a flashlight, a pocket mirror, and a shal-

low bowl of water.

Place the mirror in the bowl so it is at an angle of about

30 degrees to the surface of the water. Darken the room,

and then shine a flashlight toward the mirror. A small

spectrum of colors will appear on the ceiling.

The experiment proves that white light is composed of

many different wave lengths, each belonging to a different

color. The water acts as a prism, refracting each wave

length at a slightly different angle to form the colors on the

ceiling.
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FAR OR NEAR?

The only clue at the scene of the crime was a pair of

spectacles. Sherlock Dolmes held them a foot or two from

his eyes. "Hmmm," he said. "The murderer was farsighted

in his left eye, nearsighted in his right, with a bit of

astigmatism in both."

"Great Scott!" cried Matson. "How did you deduce that?"

"Elementary, my dear Matson. When a lens magnifies

objects seen through it, it is a convex lens intended to

correct farsightedness. When the lens diminishes objects,

it is concave and intended to correct nearsightedness. And
if objects change shape when you rotate the lens slowly

around its center, you know the lens is for astigmatism."

These tests are worth knowing. When an eye doctor

writes a prescription for glasses he uses a plus sign to

indicate a convex lens, a minus sign for a concave one.

Sometimes a careless optician misreads the signs. With

these simple tests a person who wears glasses can make

sure that no error of this type has been committed.
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PICTURE COPIER
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We are familiar with the fact that a pane of window glass

will reflect images like a mirror, especially at night when
the far side of the window is dark and the room is il-

luminated. This fact can be put to practical use in making

an excellent device for copying drawings.

Simply arrange for a plate of glass (the glass in an

empty picture frame will do) to be supported vertically

on a table, as shown. Put the picture to be copied on one

side of the glass, a sheet of blank paper on the other. Sit

on the side where the picture is. Darken the room except

for one lamp that shines on the picture. The image of

the picture will seem to fall on the blank paper. The glass

will be transparent enough for you to see your hand and

pencil through it while you trace the image.
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COLOR COMPLEMENTS

An interesting physiological experiment, known as "Mey-

er's experiment/' can be performed easily with a sheet of

colored paper, a small square of gray cardboard, and a

sheet of wax paper from a kitchen roll.

Place the cardboard square on the colored paper (a

bright red or green works best). Then cover both paper

and square with wax paper folded once, twice, or three

times, depending on its thickness. The square, seen

through the transparent paper, will appear strongly tinted

with a color complementary to the color of the paper. That

is, it will seem light green if red paper is used, pinkish

if green paper is used.

The effect is closely related to the fact, familiar to all

artists, that shadows of colored objects acquire a tint of

the complementary color. A classic discussion of Meyer's

experiment will be found in Chapter 17 of William James's

Principles of Psychology (available as a paperback pub-

lished by Dover Publications )

.

COLORED
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THE PRECARIOUS FORKS

If you overlap the prongs of two table forks, then insert

a half dollar between the prongs so that it holds both

forks, you'll be able to balance the coin and forks on

the brim of a glass as shown.

This is extremely baffling to most people because the

entire weight of both forks is on the outer portion of the

coin. Why don't the forks and coin fall?

The explanation: The heavy handles of the forks curve

toward the glass. This shifts the center of gravity of the

entire structure to a point directly beneath the spot where

the coin rests on the glass, putting the forks and coin in

a state of stable equilibrium.

TOP VIEW
8l



GRAVITY MACHINE

A perpetual-motion machine operated solely by gravity

is impossible, but gravity does play an essential role in

thousands of simple mechanical devices. Here is a grav-

ity machine you can construct from a candle, a needle, two

glasses, and two saucers.

Cut away the tallow at the bottom of a long candle

to expose the wick. Push the needle through the middle of

the candle; then rest the ends of the needle on the rims of

two glasses. Place a saucer beneath each wick; then light

the wicks.

As the tallow drips from the ends, one side soon be-

comes lighter than the other. Gravity then pulls down

the heavy end, causing it to drip a larger amount of tallow

on the saucer. This, of course, lightens that end, so it

goes up while the other end goes down, deposits a blob

of wax, and goes back up again. The candle will seesaw up

and down for hours.
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FINGER IN THE BOWL

Does a bowl of water weigh more with a goldfish in it

than it does without the fish? This question usually pro-

vokes considerable argument. The answer is yes. The

bowl's weight is increased by exactly the weight of the

fish inside it.

Suppose you merely poke a finger into the water. Most

people would guess that this would not make the bowl

heavier, but it does. The bowl's weight is increased by the

weight of the water your finger displaces, as you can

easily demonstrate.

Place a glass on each end of a ruler, with a pencil be-

neath, to form a crude balance scale, as shown. Adjust the

pencil until the scale is almost, but not quite, balanced.

Now plunge your finger into the raised glass, taking»care

to touch only the water. The extra weight will immedi-

ately tip the "scale" the other way.
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GALILEO VS. ARISTOTLE

Everyone knows about Galileo's famous experiment of

dropping unequal weights from the leaning tower of Pisa.

The experiment proved that Aristotle was mistaken in his

belief that heavy objects fall faster than lighter ones.

You can repeat this historic experiment on a small scale

by dropping a half dollar and a tiny piece of paper. To
eliminate air resistance on the paper, put it on top of

the coin as shown. Drop the coin to the floor, giving it a

slight spin to keep it horizontal while it falls. The coin and

paper will fall together.

But, you may object, perhaps currents of air flowing

around the falling coin cause the paper to stick to it. To
prove this isn't so, hold the coin and paper high in the

air. Then, instead of dropping the coin, carry it down at

a speed faster than normal falling speed. The piece of

paper will be left behind.
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BALANCING POINT

The center of gravity of an irregularly shaped piece of

cardboard is the spot where it will balance on the eraser

of a pencil. Here is an interesting way to locate this spot.

Punch a hole near the edge of the cardboard, and hang

it on a nail. Make a plumb line by tying a weight to a

piece of thread. Hang the thread on the nail, as shown,

and mark the vertical line with a pencil. The center of

gravity always seeks the lowest position it can reach, so

you know it is somewhere on this vertical line.

Punch another hole at some other spot near the card-

board's edge and repeat the same procedure. The spot

where the two lines cross must, of course, be the center of

gravity.
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THE FLOATING BALLOON

A gas-filled toy balloon of the type sold at fairs and on

street corners can be made to hang suspended in the

middle of a room, with no visible means of support.

Here's how:

Tie a small piece of cardboard to the end of the balloons

string, as shown. Use a piece just heavy enough to keep

the balloon from rising. With a pair of scissors, start snip-

ping off tiny pieces of cardboard. In this way you can

adjust the balloon's weight until it hangs magically in mid-

air.

The trick would not work if it were not for the fact

that cool air is heavier and denser than warm air and

therefore has greater buoyancy. The balloon hangs at a

point where it is too light to sink into the denser air, which

stays in the lower part of the room, too heavy to rise

into the warmer air above.
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ANTI-GRAVITY CONE

This curious little toy seems to defy gravity. When it is

placed at the bottom of a sloping track, it actually runs

uphill!

The toy is a double cone, easily made from two plastic

funnels that can be bought at a five-and-ten-cent store.

Use rubber cement to stick their rims together. The slop-

ing track is cut from cardboard. You'll have to experiment

to get the slope just right, since it will depend on the size

of the funnels.

Arrange the track so the two sides are about an inch

apart at the lower end, with a width at the other end

equal to the length of the double cone. When the cone

is placed at the bottom of this track, it slowly rolls to the

top.

Observe the cone carefully from the side and you'll

see what really happens. As the cone moves "up," the in-

creasing width of the track lowers the cone so that its

center of gravity actually moves down.



STATIC ELECTRICITY HINDU
THREAD
TRICK

The famous Hindu rope trick may be a myth, but here's a

miniature version of it that anyone can do. Hold one end

of a short piece of thread. With your other hand, rub a

pocket comb briskly on your clothing, then bring it near

the free end of the thread. You'll find you can make the

thread stand upright as shown. If you move the comb
in small circles, the thread will also move in small circles.

Static electricity makes the trick possible. Friction

causes free electrons to leave your clothing and attach

themselves to the comb, giving it a negative electric

charge. The thread behaves exactly like an electroscope.

Free electrons are repelled from the thread, leaving it

positively charged. Since opposite charges attract, it is

drawn towards the negatively charged comb.

The trick works best on cold dry days. Water is such

an excellent conductor of electricity that, if the air is

too humid, there will be a rapid leakage of the electrical

charge and the thread will not respond properly.
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UNPEPPER THE SALT
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This is an amusing dinner-table stunt to show friends on

dry winter days when static electricity is easy to produce.

Shake a pile of salt on the tablecloth, flatten it with your

finger, then shake some pepper on top of it. The problem

is to remove the pepper from the salt.

Not many people are likely to think of the easy solution.

Just put a static charge on a pocket comb by running it

a few times through your hair. Bring one end of the

comb to about an inch above the salt. The grains of pep-

per, which are lighter than salt grains, will jump to the

comb.
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THE INVISIBLE LEG

Cold winter days, when the air inside is dry and warm,

are ideal for experiments with static electricity. Here is

an unusual one.

Press the toe of a nylon stocking against the wall. With

the other hand, stroke the stocking vigorously several

times with a transparent polyethylene vegetable bag. (If

you can stretch the material of the bag you know it's

polyethylene.

)

Now hold the stocking in the air and see how it fills

out as though an invisible leg were inside. The effect is

due to a strong static charge on the nylon. Because like

charges repel each other, the sides of the stocking billow

as far apart as possible.

90



MECHANICS FEEDBACK BY THE YARD

You hear a lot these days about how electronic devices

regulate themselves by "feedback." The principle of feed-

back isn't hard to understand. A wall thermostat, for ex-

ample, "feeds back" to the furnace information about

the temperature in a room, and the amount of heat is ad-

justed constantly to maintain a steady temperature.

For a demonstration of a simple feedback mechanism,

try this stunt:

Rest the ends of a yardstick on your two index fingers

as shown. Now bring the fingers slowly together, trying

your best to make them meet at some spot other than the

center of the stick. You will find it impossible.

Why? If one finger gets a trifle ahead of the other, the

weight of the stick on that finger increases. This, in turn,

increases the amount of friction between finger and stick,

causing the stick to stop sliding until the other finger

catches up. In short, the stick serves as a feedback device.

By slowing up a finger that starts to get ahead, it keeps

the fingers moving toward its center at approximately

equal rates of speed.
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PARADOX ON WHEELS

Which goes faster, the top or bottom of a rolling wheel?

The question is tricky, because it isn't clear exactly

what is meant by "top" or "bottom." Nevertheless, there

is a sense in which one can say that the top of a rolling

wheel moves faster than the bottom. In the sketch below,

the wheel has made one quarter-turn as it rolls to the right.

Note that top point T has traveled much farther to reach

T1 than bottom point B has traveled to reach B 1
. Since

these distances are traversed in the same time period,

point T must have gone faster than point B.

In other words, parts of the wheel that for the time

being are the upper half move faster than parts that mo-

mentarily form the lower half. This is why, if you look

through a rolling wheel with spokes, it is easier to dis-

tinguish the slower-moving spokes in the lower half than

it is to see those in the upper half.
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MAKE A BOOMERANG

Cut a small L-shaped boomerang from a piece of heavy

cardboard. The exact shape and size do not matter, but

the ends should be rounded as shown. Rest it on a book,

tipping the book toward you. Then strike the projecting

end sharply with a pencil. The boomerang will whirl

forward and up, then glide back toward you along the

same path. You may have to practice a few times to get

the knack.

The spin of the boomerang is essential to its working,

because it converts the cardboard into a gyroscope. As

long as it spins it will maintain the same plane of rotation.

When it falls, the force of air on the rotating and inclined

blades pushes the boomerang back toward you.
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THE UNBREAKABLE MATCH

Hold a wooden kitchen match with the tips of your fingers,

as shown. Try to break it. You'll be surprised to find that

it cant be done.

This is easily understood when you realize that the

muscles of the hand move the fingers in the manner of a

third-class lever. Such a lever is one that has the fulcrum

(F) at one end, the resistance (R) at the other end, and

the effort (E) applied somewhere in between. Tweezers

and sugar tongs are common examples.

This type of lever sacrifices power for a wider arc of

movement at the resistance end. The longer the distance

from the resistance (in this case, the match) to the ful-

crum (base of finger) as compared to the distance from

the effort ( where the muscle is attached ) to the fulcrum,

the less the "mechanical advantage" of the lever. If you

slide the match closer to the base of the fingers, the

mechanical advantage increases enormously. Then the

match can be easily snapped.
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SUSPENDED RICE

A popular trick among Hindu fakirs is that of plunging

a dagger into a bowl of rice. When the fakir lifts the

dagger, the bowl is raised with it. Oddly enough, there

is no "gimmick." You can do the trick yourself with a

glass jar, a box of uncooked rice, and a knife.

The jar must be wider than its opening. Fill it to the

brim with rice, packing the grains down with your thumbs.

Plunge the knife straight down into the rice. Pull it out

and repeat, in a series of quick jabs no more than a few

inches deep. With each stab, the grains pack more tightly.

After a dozen or more of these short jabs, plunge the

knife down as far as you can. If enough chains of rice

grains wedge themselves against the blade and the top

of the jar, you can lift the knife, and the entire jar will

cling mysteriously to it!

95



PENNY POSER

Arrange three pennies on a smooth surface, as shown.

Challenge anyone to move penny C to a position between

pennies A and B, while observing the following condi-

tions: B must not be moved from its position, and A must

not be touched in any way.

Few people are likely to hit on the method, unless they

recall that solid bodies are capable of transmitting a force

without moving. Simply place the tip of your left fore-

finger firmly on top of B. Slide C toward it, releasing the

penny before it strikes the right edge of B. The force of

the blow will be transmitted to A, shooting it off to the

left. You now have only to put C between the other two

coins, and the trick is done.
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MATCHBOX STABILIZER

Challenge someone to hold a box of matches (the type

with a sliding drawer) a foot above the table, then drop

it so it lands on one end and remains standing. When he

tries it, the box will bounce and land on its side.

The trick is to take advantage of the stabilizing power

of momentum ( speed times mass ) . Push the drawer about

an inch out of the cover, then drop the box, as shown.

When it hits the table, the momentum of the drawer slid-

ing shut will prevent the box from falling over. Gyroscope

stabilizers in airplanes, torpedoes, and guided missiles

operate on the same basic principle. The only difference

is that, in these, the momentum is created by rapidly

spinning wheels.

The ordinary housefly has a pair of stabilizers that con-

sist of a vibrating rod under each wing, with a tiny ball-

weight on the tip of each rod. When these halters (as

they are called ) are cut off, the fly loses all control of his

balance during flight.
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SUPER-STRENGTH

Do you know that there is a simple way to break even

the strongest cord or fish line with your bare hands? It

is both an entertaining demonstration of super-strength

and a highly useful thing to know.

Wrap one end of the cord around your left forefinger,

then loop it around the hand exactly as shown. With your

other hand, seize the cord a foot or two below, wrapping

it several times around the right hand. Close both hands

into fists. Hold the fists close together, then quickly yank

your right fist down and your left fist up. The cord will

snap inside your left fist at the point marked A.

The feat illustrates the fact that pressure is the force

divided by the area on which the force operates. By loop-

ing the cord as shown, the force is concentrated on the

tiny area where the cord intersects itself. This raises the

pressure enough so that the cord acts like a dull knife

blade and literally cuts through itself.
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POTATO PUNCTURE

Can a soda straw, held like a small spear, be plunged

completely through an unpeeled potato? It seem impos-

sible, but it isn't. Hold the potato and straw exactly as

shown. Your forefinger should cover the top opening of

the straw. Then, as you move your hand downward, a

column of air will be trapped in the straw, keeping it rigid.

Strike the potato quickly, with as much force as you can.

Be sure the straw is perpendicular to the surface of the

potato when it hits. Otherwise the straw will tend to

crumple.

It may take a bit of experimenting to get the knack.

But once you master it, you can puncture the potato al-

most every time. After a successful spearing, you'll find

a neat little potato cylinder tucked tightly inside the end

of the straw.
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AIR EGG IN THE BOTTLE
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There is perhaps no more dramatic way of demonstrating

the effects of air pressure than this stunt of putting a hard-

boiled egg into a glass milk bottle and getting it out intact.

Remove the shell, stand the egg on the bottle's mouth,

and challenge your spectators to push it inside the bottle.

They'll find it impossible. Since the air in the bottle has

no outlet, it will firmly resist any pressure on the egg.

You show how it can be done by dropping a burning

match into the bottle just before you put the egg on the

mouth. When the flame goes out, the air cools and con-

tracts, forming a vacuum that draws the egg inside.

How do you get it out again? After everyone has tried

and failed, turn the bottle upside down so the egg falls

into the neck. Tip back your head and blow vigorously

into the inverted bottle as shown.

When you remove your lips, the egg will pop out so

quickly that you'll be wise to keep your other hand near

the opening so you can catch it.
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DANCING DIME

The next time you enjoy a soft drink, give this entertaining

science stunt a try. When the bottle is empty but still

cold, put a dime on the opening as shown. Dip your

finger in water and let a drop or two fall around the edge

of the dime to seal the opening.

Now place both hands around the bottle, holding it

firmly for about fifteen seconds. The dime will start to

click up and down mysteriously. Let it dance for a while,

then remove your hands. The dime goes right on clicking!

The trick is a simple illustration of how air expands

when heated. The cold air inside the bottle is warmed by

the heat from your palms. The expanding air escapes

around the rim of the dime, causing it to flutter.
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THE MAGDEBURG ^
TUMBLERS

In Magdeburg, Germany, in 1650, a famous experiment

was performed with two hollow iron hemispheres. They

were placed together and the air removed from their in-

sides. This created a vacuum so strong that it required

eight teams of horses to pull the hemispheres apart.

The experiment can be demonstrated on a smaller scale

by means of two glasses and a piece of blotting paper

dipped in water. Light several matches and drop them

into one tumbler. Put the wet blotting paper on the brim,

then quickly invert the second glass on the paper as

shown.

The porous paper allows the partial vacuum, caused by

the cooling and contracting air, to fill both glasses. When
you lift the top glass, the paper and the bottom glass will

come with it!
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BLOWING OUT A CANDLE

*3 * h
There are several amusing ways to blow out a candle,

all of them having scientific interest. For example: Put

your thumb over the opening of an empty soda bottle;

then put your mouth over both opening and thumb. Lift

your thumb, blow as hard as you can, and trap the com-

pressed air by again closing the opening with your thumb.

Now, if you aim the bottle at a candle flame ( Fig. 1 ) and

quickly remove your thumb, the bottle will obligingly

puff out the flame.

Light the candle again, hold the bottle between your

mouth and the flame (Fig. 2), and blow. The flame will

go out just as though you were blowing straight through

the bottle. What happens is that the air moving past the

bottle creates a partial vacuum behind the bottle, and

the air that rushes in to fill the vacuum puts out the flame.
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THE FLOATING BALL

Snip a six-inch piece from the end of a soda straw. Put

one end of the piece on your mouth, tip back your head,

and hold a table-tennis ball a few inches above the other

end. Blow as hard as you can, simultaneously releasing

the ball. Instead of being blown away as you might ex-

pect, it remains suspended in mid-air. The harder you

blow, the higher it floats above the straw.

The explanation: when air is in rapid motion, its pres-

sure is lowered. In this trick, the ball is actually impris-

oned by the column of upward rushing air. As soon as it

wobbles a bit to one side, the greater pressure outside

the "jet stream" forces the ball back into it again.

105



SMOKE RINGS

By folding the ends of six playing cards ( or file cards ) and

fitting them together as shown, you can produce a neat

little cubical box. Cut a small round hole in the center

of one card. Ask Dad to take a puff on his cigar, pipe, or

cigarette and gently blow the smoke into the box. Now,

if you tap the side of the box, a perfect smoke ring will

rise from the opening.

The stunt should be performed in a room free of air

currents. When the box is tapped rapidly, a series of rings

will emerge and expand in time to the tapping, creating a

novel and entertaining spectacle.



BOILING WITHOUT HEAT

PRELUM
Years ago I saw a gypsy woman perform the following

feat as a demonstration of her supposedly magic powers.

She filled a drinking glass with water, then covered it with

her handkerchief, previously dipped in water. She pushed

down the center of the cloth to form a kind of well, in-

verted the glass on her right palm, then seized it with her

left hand as shown. Air pressure ballooned the cloth up-

ward inside the glass.

"When I put my finger on the glass," she explained,

"it will make the water boil." Sure enough, when she did

so, streams of bubbles began rising through the water.

You could even hear the surface bubbling!

What happened was this. When she pushed with her

finger, the glass slid downward through her left hand,

causing the handkerchief to slide upward on the outside

of the glass. This lowered the center of the cloth inside,

forming a vacuum. The vacuum drew air through the

handkerchiefs cloth fibers and created a perfect illusion

of boiling water.

(Note: Be sure to do your practicing over the sink.)
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BERNOULLI'S PRINCIPLE

Push a thumbtack through the center of a playing card

and place a spool over the point of the tack as shown.

Holding the spool in one hand and the card in the other,

put your lips to the spool and blow down through it as

hard as you can. At the same time, release the card.

You would expect the card to be blown to the floor.

Actually, it clings to the spool as long as you blow.

The explanation lies in what is known as "Bernoulli's

principle" (named after Daniel Bernoulli, an eighteenth-

century Swiss scientist). This principle states that when
a gas or liquid is in motion, its pressure is reduced; the

more rapid the motion, the greater the reduction in pres-

sure. Blowing into the spool causes air to flow rapidly

over the top of the card, lowering the air pressure. The

stronger air pressure below the card keeps it from falling.

This is exactly what happens when an airplane moves

forward. The wings are so designed that air rushes across

their upper surfaces at a faster rate than it rushes past

the lower surfaces. Thanks to Bernoulli's principle, this

lowers the pressure more above the wings than below,

producing the lifting force that sustains the heavy plane

in the air.
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OBEDIENT BUTTON

The magician drops a shirt button into a glass filled with

a carbonated beverage. It sinks to the bottom. A moment
or two later, he waves his hand over the glass and says,

"Button, rise!" The button floats slowly to the surface.

When the magician snaps his fingers and says, "Button,

sink!" down it goes again.

This startling trick works automatically with any small

light object. While it's resting on the bottom of the glass,

tiny bubbles of carbon dioxide begin to cluster around it.

When enough bubbles have collected to counteract the

object's weight, they float it to the surface. On the surface,

the bubbles burst and the weight of the object carries

it down again. This up and down motion continues as

long as there is carbonation in the liquid.

The magician, of course, has experimented beforehand

with his button so that he knows just how long to wait

each time before he issues a command.
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SELF-STARTING SIPHON

Many strange types of self-starting siphons have been

invented, but this one is so elementary that you can con-

struct it yourself from a single piece of glass tubing.

With the aid of a Bunsen burner, bend the tube into

the shape indicated in the drawing. Allow it to cool. When
the bent part is submerged in water as shown, the siphon

will immediately start flowing.

This is what happens. As soon as point A on the tube

goes beneath the surface, the water (seeking its own

level) rushes through the tube to fill it to point B. Due
to its inertia, however, the moving water is carried up and

over bend C to start the siphon.

The siphon can also be made with Flex-straws, a type

of soda straw currently on the market. These straws are

so prepared that they can be bent without impeding the

flow of liquid through them. Three such straws, cut to

the proper lengths, can be joined with cellophane tape to

make the siphon.
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MYSTERIOUS MATCH HEADS

Pascal's law tells us that pressure applied to a confined

liquid is transmitted undiminished to all parts of the

liquid. This can be demonstrated with an empty soda

bottle, a few paper book matches, and a toy balloon.

Remove the heads of the matches and then drop the

heads into the bottle. Fill the bottle to the brim with

water and fasten the mouth of the balloon tightly over

the bottle's opening. The match heads will float on top of

the water, but when you press your finger on the balloon

diaphragm they will sink slowly to the bottom. Remove

your finger, and the heads float up again.

The explanation is this. The pressure is transmitted

through the water, forcing a tiny amount of liquid to

penetrate the porous paper edge of each match head. This

adds enough weight to the match head to make it sink.

When you remove your finger, there is enough air pres-

sure inside the heads to force out the water, so up they go.
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BRIM TO BRIM

Stand two glasses completely filled with water, brim to

brim inside a cereal bowl, as shown. Move the upper glass

a trifle to make a tiny, barely perceptible opening be-

tween the rims. Surface tension and the air pressure out-

side the glasses will prevent the water from escaping.

Can you remove the water from the upper glass without

touching either glass in any way?

The feat can be accomplished with a soda straw. Hold

one end close to the opening between the brims and

blow through the other. Air will bubble up into the top

glass, forcing water out through the opening and down

into the bowl.

(If, by the way, you have any trouble with the first

part of the trick—getting the two full glasses brim to brim

—just plunge them underwater in a sink, put them to-

gether, and lift out.)
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CAPILLARY SIPHON

T
mm

Dip a woman's handkerchief in water and wring it out.

Then twist it like a rope, and hang it over the brims of two

glasses arranged as shown. Be sure that the handkerchief

touches the bottom of the higher glass, but hangs only a

short distance below the rim of the lower one. Fill the top

glass with water, and go away. By the next morning, you

should find all the water in the lower glass.

The handkerchief, of course, is not a true siphon. The

water is drawn through the cloth by capillary attraction

—

the tendency of liquids to rise in thin-bore tubes and move
through porous materials such as cloth and blotting paper.
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TWO-TONE CORSAGE

Capillary action carries water from the soil up through

the roots of plants and trees, through the trunk or stem,

and into the flowers and leaves. The liquid rises through

sap tubes that are tiny enough to produce the required

capillary force. The process is easily demonstrated by this

simple experiment.

Fill two glasses with water. Color the water in one glass

red by using Easter-egg dye or food coloring. Carefully

split the stem of a white carnation ( any other white flower

will also do). Place half the stem in one glass, the other

half in the other glass, as shown. After a few hours you

will find that one side of the blossom has turned a beau-

tiful crimson.

Worn by a young lady as a corsage, this two-toned

carnation is sure to attract attention and serve as a con-

versation starter.
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CENTER THE CORK

Fill a drinking glass with enough water to reach almost

to the rim. Drop a small cork into the glass, and challenge

anyone to make the cork float in the center of the water

without touching the sides of the glass. Hell find it impos-

sible. The cork always drifts to one side.

After everyone gives up, show how easily it can be

done. Add more water to the glass, pouring carefully

from another glass until the water rises slightly above

the rim. Because of surface tension, the water will form

a convex surface, as shown. The cork naturally moves to

the center, where the water is highest, and there it will

remain.
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THE MYSTERIOUS ARROW

t*0**~

Unlike most substances, rubber contracts when heated,

expands when cooled. This can be demonstrated by the

following experiment.

Stretch a rubber band around the sides of a box. Cut

out a cardboard arrow, mount it on a pin, and push the

pin under the band as shown. If you now bring a burning

match or candle close to segment A of the band, the card-

board arrow will rotate slowly counterclockwise. Move
the flame near segment B and the arrow rotates clock-

wise. The heat, of course, causes a portion of the band to

contract, rotating the pin to which the arrow is attached.
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COAT-HANGER CHIMES

Tie the hook of a wire coat hanger to the center of a piece

of string about five feet long. Wrap one end of the string

several times around your left index finger; then wrap

the other end the same way around your right index

finger. Push the tips of both fingers into your ears.

Now bend forward and allow the hanger to strike

against the side of a chair as shown. You'll be startled

to hear a sound like the chiming of an old-fashioned clock

or a church bell tolling in the distance.

The tone is produced, of course, by the vibrations of

the hanger. The sound waves are then transmitted to

your eardrums via string and fingers.
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FRANKLINS ARMONICA

One of Benjamin Franklin's many curious inventions was

a musical instrument he called an "armonica." Foot pedals

rotated a series of glass bowls of graduated sizes, all kept

moist by a trough of water in which the lower parts of

each bowl were submerged. When a finger was touched

to a spinning bowl, a clear musical tone resulted.

The principle of the armonica is easily demonstrated

with a glass of water. (Thin glasses work best.) Dip the

end of your middle finger in the water, and run the moist

finger tip slowly around the rim of the glass, as shown.

The finger must be neither too wet nor too dry, so be

patient and keep trying until you hear a strong, clear

tone coming from the glass.

Actually, your finger moves around the rim in a series

of tiny jerks. It slips, catches, slips, and catches. These im-

perceptible movements make the glass vibrate and pro-

duce a tone, just as a violin bow, by similar frictional

movements, causes a catgut string to produce a tone.
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MUSICAL FORK

If you pluck one of the inside prongs of a fork with a

table knife as shown, you will hear nothing. But if you

immediately press the end of the fork's handle against a

table top, you will hear a distinct tone.

This is the basis of a delightful after-dinner trick, al-

though it will take some practice. First, pluck the fork;

then hold the blade of the knife over an empty glass. At

the instant the knife is above the glass, your other hand

slyly allows the end of the fork to come in contact with

the table. Everyone will be watching the knife and will

assume that the sound is coming from the glass. But when
they try the trick, it won't work.

The tone actually comes from the table, which picks up

and amplifies the fork's vibrations. Physicists call the

phenomenon "sympathetic vibration."
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SNAP THE CHECKER

Form a tower of black checkers with one red checker

second from the bottom. A foot away, stand another

checker on edge as shown. If you press your finger down

on the edge of this checker, you can shoot it forward

toward the stack. It will strike the stack and knock out the

one red checker without toppling the others.

The stunt is a neat demonstration of inertia, for it is

the inertia of the black checkers that keeps them in place

while the red checker is sliding out. ( If the checkers you

use are thinner than most, you may find that the red

checker will have to be placed third from the bottom in-

stead of second.

)
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THE EGG AND l-NERTIA

Let's suppose someone presented you with a dozen eggs

on a plate and said, "One of these eggs is hard-boiled.

The rest are raw. Can you find the hard-boiled egg with-

out cracking any shells?"

You could, by utilizing the laws of inertia. Clear the

plate; then try to spin each egg on the plate. The only

egg that will spin readily is the hard-boiled one. With a

raw egg, the inertia of its liquid exerts a drag effect that

kills the spin.

-:

-m-

&?'•'
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DIVIDING AN APPLE

Force the blade of a table knife into an apple just far

enough to make the apple stick to the knife when you

hold it as shown. Now rap the end of the knife sharply

with the back of another table knife, striking as close

to the fruit as possible. Inertia prevents the apple from

moving as quickly as the knife that is struck. This causes

the blade to slice the fruit neatly in two.
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DRAWINGS OF REMBRANDT, edited by Seymour Slive. Updated Lippmann,
Hofstede de Groot edition, with definitive scholarly apparatus. All portraits,

biblical sketches, landscapes, nudes. Oriental figures, classical studies, together

with selection of work by followers. 550 illustrations. Total of 630pp. 9% x 12^.

21485-0, 21486-9 Pa., Two-vol. set $29.90

GHOST AND HORROR STORIES OF AMBROSE BIERCE, Ambrose Bierce. 24

tales vividly imagined, strangely prophetic, and decades ahead of their time in

technical skill: "The Damned Thing," "An Inhabitant of Carcosa," "The Eyes of

the Panther," "Moxon's Master," and 20 more. 199pp. 5% x 851 20767-6 Pa. $4.95

ETHICAL WRITINGS OF MAIMONIDES, Maimonides. Most significant ethical

works of great medieval sage, newly translated for utmost precision, readability.

Laws Concerning Character Traits, Eight Chapters, more. 192pp. 5% x 854.

24522-5 Pa. $4.50

THE EXPLORATION OF THE COLORADO RIVER AND ITS CANYONS,
J. W. Powell. Full text of Powell's 1,000-mile expedition down the fabled Colorado

in 1869. Superb account of terrain, geology, vegetation, Indians, famine, mutiny,

treacherous rapids, mighty canyons, during exploration of last unknown part of

continental U.S. 400pp. 5% x 8'/2 . 20094-9 Pa. $7.95

HISTORY OF PHILOSOPHY, Julian Marias. Clearest one-volume history on the

market. Every major philosopher and dozens of others, to Existentialism and later.

505pp. 5% x 854. 21739-6 Pa. $9.95

ALL ABOUT LIGHTNING, Martin A. Uman. Highly readable nontechnical

survey of nature and causes of lightning, thunderstorms, ball lightning, St. Elmo's

Fire, much more. Illustrated. 192pp. 5% x 854. 25237-X Pa. $5.95

SAILING ALONE AROUND THE WORLD, Captain Joshua Slocum. First man
to sail around the world, alone, in small boat. One of great feats of seamanship told

in delightful manner. 67 illustrations. 294pp. 5 3/8 x 854. 20326-3 Pa. $4.95

LETTERS AND NOTES ON THE MANNERS, CUSTOMS AND CONDI-
TIONS OF THE NORTH AMERICAN INDIANS, George Catlin. Classic

account of life among Plains Indians: ceremonies, hunt, warfare, etc. 312 plates.

572pp. of text. 6« x 9%. 221 18-0, 221 19-9, Pa., Two-vol. set $17.90

ALASKA: The Harriman Expedition, 1899, John Burroughs, John Muir, et al.

Informative, engrossing accounts of two-month, 9,000-mile expedition. Native

peoples, wildlife, forests, geography, salmon industry, glaciers, more. Profusely

i 1 1 ustrated. 240 black-and-white line drawings. 1 24 black-and-white photographs. 3

maps. Index. 576pp. 5% x 854. 25109-8 Pa. $1 1.95
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THE BOOK OF BEASTS: Being a Translation from a Latin Bestiary of the Twelfth

Century, T. H. White. Wonderful catalog of real and fanciful beasts: manticore,

griffin, phoenix, amphivius, jaculus, many more. White's witty erudite commen-
tary on scientific, historical aspects enhances fascinating glimpse of medieval

mind. Illustrated. 296pp. 5% x 8'4. (Available in U.S. only) 24609-4 Pa. $6.95

FRANK LLOYD WRIGHT: Architecture and Nature with 160 Illustrations,

Donald Hoffmann. Profusely illustrated study of influence of nature—especially

prairie—on Wright's designs for Fallingwater, Robie House, Guggenheim
Museum, other masterpieces. 96pp. 9% x 103

/<. 25098-9 Pa. $8.95

FRANK LLOYD WRIGHT'S FALLINGWATER, Donald Hoffmann. Wright's

famous waterfall house: planning and construction of organic idea. History of site,

owners, Wright's personal involvement. Photographs of various stages of building.

Preface by Edgar Kaufmann, Jr. 100 illustrations. 1 12pp. 9'4 x 10.

23671-4 Pa. $8.95

YEARS WITH FRANK LLOYD WRIGHT: Apprentice to Genius, Edgar Tafel.

Insightful memoir by a former apprentice presents a revealing portrait of Wright
the man, the inspired teacher, the greatest American architect. 372 black-and-white

illustrations. Preface. Index, vi + 228pp. 8'4 x 1 1. 24801-1 Pa. $10.95

THE STORY OF KING ARTHUR AND HIS KNIGHTS, Howard Pyle.

Enchanting version of King Arthur fable has delighted generations with imagina-

tive narratives of exciting adventures and unforgettable illustrations by the author.

41 illustrations, xviii + 313pp. 6% x 9'4. 21445-1 Pa. $6.95

THE GODS OF THE EGYPTIANS, E. A. Wallis Budge. Thorough coverage of

numerous gods of ancient Egypt by foremost Egyptologist. Information on
evolution of cults, rites and gods; the cult of Osiris; the Book of the Dead and its

rites; the sacred animals and birds; Heaven and Hell; and more. 956pp. 6% x 9'4.

22055-9, 22056-7 Pa., Two-vol. set $21.90

A THEOLOGICO-POLITICAL TREATISE, Benedict Spinoza. Also contains

unfinished Political Treatise. Great classic on religious liberty, theory of govern-

ment on common consent. R. Elwes translation. Total of 421pp. 5% x S l

A.

20249-6 Pa. $7.95

INCIDENTS OF TRAVEL IN CENTRAL AMERICA, CHIAPAS, AND YUCA-
TAN, John L. Stephens. Almost single-handed discovery of Maya culture;

exploration of ruined cities, monuments, temples; customs of Indians. 1 15

drawings. 892pp. 5H x 8'/2 . 22404-X, 22405-8 Pa., Two-vol. set $17.90

LOS CAPRICHOS, Francisco Goya. 80 plates of wild, grotesque monsters and
caricatures. Prado manuscript included. 183pp. 6% x 9%. 22384-1 Pa. $5.95

AUTOBIOGRAPHY: The Story of My Experiments with Truth, Mohandas K.

Gandhi. Not hagiography, but Gandhi in his own words. Boyhood, legal studies,

purification, the growth of the Satyagraha (nonviolent protest) movement. Critical,

inspiring work of the man who freed India. 480pp. 5%x8'/2. (Available in U.S. only)

24593-4 Pa. $6.95
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ILLUSTRATED DICTIONARY OF HISTORIC ARCHITECTURE, edited by
Cyril M. Harris. Extraordinary compendium of clear, concise definitions for over

5,000 important architectural terms complemented by over 2,000 line drawings.
Covers full spectrum of architecture from ancient ruins to 20th-century Modernism.
Preface. 592pp. Th x 9%. 24444-X Pa. $15.95

THE NIGHT BEFORE CHRISTMAS, Clement C. Moore. Full text, and woodcuts
from original 1848 book. Also critical, historical material. 19 illustrations. 40pp.
4 5

/s x 6. 22797-9 Pa. $2.50

THE LESSON OF JAPANESE ARCHITECTURE: 165 Photographs, Jiro

Harada. Memorable gallery of 165 photographs taken in the 1930s of exquisite

Japanese homes of the well-to-do and historic buildings. 13 line diagrams. 192pp.
8%xH'/4 . 24778-3 Pa. $10.95

THE AUTOBIOGRAPHY OF CHARLES DARWIN AND SELECTED LET-
TERS, edited by Francis Darwin. The fascinating life of eccentric genius composed
of an intimate memoir by Darwin (intended for his children); commentary by his

son, Francis; hundreds of fragments from notebooks, journals, papers; and letters to

and from Lyell, Hooker, Huxley, Wallace and Henslow. xi + 365pp. 5% x 8.

20479-0 Pa. $6.95

WONDERS OF THE SKY: Observing Rainbows, Comets, Eclipses, the Stars and
Other Phenomena, Fred Schaaf. Charming, easy-to-read poetic guide to all manner
of celestial events visible to the naked eye. Mock suns, glories, Belt of Venus, more.

Illustrated. 299pp. 5M x 8K. 24402-4 Pa. $8.95

BURNHAM'S CELESTIAL HANDBOOK, Robert Burnham, Jr. Thorough guide

to the stars beyond our solar system. Exhaustive treatment. Alphabetical by

constellation: Andromeda to Cetus in Vol. 1; Chamaeleon to Orion in Vol. 2; and
Pavo to Vulpecula in Vol. 3. Hundreds of illustrations. Index in Vol. 3. 2,000pp.

6% x 9'/4. 23567-X, 23568-8, 23673-0 Pa., Three-vol. set $41.85

STAR NAMES: Their Lore and Meaning, Richard Hinckley Allen. Fascinating

history of names various cultures have given to constellations and literary and
folkloristic uses that have been made of stars. Indexes to subjects. Arabic and Greek

names. Biblical references. Bibliography. 563pp. 5% x m. 21079-0 Pa. $8.95

THIRTY YEARS THAT SHOOK PHYSICS: The Story of Quantum Theory,

George Gamow. Lucid, accessible introduction to influential theory of energy and

matter. Careful explanations of Dirac's anti-particles, Bohr's model of the atom,

much more. 12 plates. Numerous drawings. 240pp. 5% x m. 24895-X Pa. $6.95

CHINESE DOMESTIC FURNITURE IN PHOTOGRAPHS AND MEASURED
DRAWINGS, Gustav Ecke. A rare volume, now affordably priced for antique

collectors, furniture buffs and art historians. Detailed review of styles ranging from

early Shang to late Ming. Unabridged republication. 161 black-and-white draw-

ings, photos. Total of 224pp. 8% x \VA. (Available in U.S. only) 25171-3 Pa. $14.95

VINCENT VAN GOGH: A Biography, Julius Meier-Graefe. Dynamic, penetrat-

ing study of artist's life, relationship with brother, Theo, painting techniques,

travels, more. Readable, engrossing. 160pp. 5% x 8H. (Available in U.S. only)

25253-1 Pa. $4.95
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HOW TO WRITE, Gertrude Stein. Gertrude Stein claimed anyone could

understand her unconventional writing— here are clues to help. Fascinating

improvisations, language experiments, explanations illuminate Stein's craft and
the art of writing. Total of 414pp. 4% x 6\. 23144-5 Pa. $6.95

ADVENTURES AT SEA IN THE GREAT AGE OF SAIL: Five Firsthand

Narratives, edited by Elliot Snow. Rare true accounts of exploration, whaling,

shipwreck, fierce natives, trade, shipboard life, more. 33 illustrations. Introduction.

353pp. 5H x m. 25 1 77-2 Pa. $9.95

THE HERBAL OR GENERAL HISTORY OF PLANTS, John Gerard. Classic

descriptions of about 2,850 plants—with over 2,700 illustrations—includes Latin

and English names, physical descriptions, varieties, time and place of growth,

more. 2,706 illustrations, xlv + 1,678pp. 8V2 x \2%. 23147-X Cloth. $75.00

DOROTHY AND THE WIZARD IN OZ, L. Frank Baum. Dorothy and the Wizard

visit the center of the Earth, where people are vegetables, glass houses grow and Oz
characters reappear. Classic sequel to Wizard of Oz. 256pp. 5% x 8.

24714-7 Pa. $5.95

SONGS OF EXPERIENCE: Facsimile Reproduction with 26 Plates in Full Color,

William Blake. This facsimile of Blake's original "Illuminated Book" reproduces

26 full-color plates from a rare 1826 edition. Includes "The Tyger," "London,"
"Holy Thursday," and other immortal poems. 26 color plates. Printed text of

poems. 48pp. 5K x 7. 24636-1 Pa. $3.95

SONGS OF INNOCENCE, William Blake. The first and most popular of Blake's

famous "Illuminated Books," in a facsimile edition reproducing all 31 brightly

colored plates. Additional printed text of each poem. 64pp. 514 x 7.

22764-2 Pa. $3.95

PRECIOUS STONES, Max Bauer. Classic, thorough study of diamonds, rubies,

emeralds, garnets, etc.: physical character, occurrence, properties, use, similar

topics. 20 plates, 8 in color. 94 figures. 659pp. 6% x gyA .

21910-0, 21911-9 Pa., Two-vol. set $15.90

ENCYCLOPEDIA OF VICTORIAN NEEDLEWORK, S. F. A. Caulfeild and
Blanche Saward. Full, precise descriptions of stitches, techniques for dozens of

needlecrafts—most exhaustive reference of its kind. Over 800 figures. Total of

679pp. 8K x 11. 22800-2, 22801-0 Pa., Two-vol. set $23.90

THE MARVELOUS LAND OF OZ, L Frank Baum. Second Oz book, the

Scarecrow and Tin Woodman are back with hero named Tip, Oz magic. 136

illustrations. 287pp. 5% x m. 20692-0 Pa. $5.95

WILD FOWL DECOYS, Joel Barber. Basic book on the subject, by foremost

authority and collector. Reveals history of decoy making and rigging, place in

American culture, different kinds of decoys, how to make them, and how to use

them. 140 plates. 156pp. Tk x l(ft. 2001 1-6 Pa. $8.95

HISTORY OF LACE, Mrs. Bury Palliser. Definitive, profusely illustrated chronicle

of lace from earliest times to late 19th century. Laces of Italy, Greece, England,

France, Belgium, etc. Landmark of needlework scholarship. 266 illustrations.

672pp. 6% x 9'/4. 24742-2 Pa. $16.95
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ILLUSTRATED GUIDE TO SHAKER FURNITURE, Robert Meader. All

furniture and appurtenances, with much on unknown local styles. 235 photos.

146pp. 9x12. 22819-3 Pa. $8.95

WHALE SHIPS AND WHALING. A Pictorial Survey, George Francis Dow. Over
200 vintage engravings, drawings, photographs of barks, brigs, cutters, other

vessels. Also harpoons, lances, whaling guns, many other artifacts. Comprehensive
text by foremost authority. 207 black-and-white illustrations. 288pp. 6x9.

24808-9 Pa. $9.95

THE BERTRAMS, Anthony Trollope. Powerful portrayal of blind self-will and
thwarted ambition includes one of Trollope's most heartrending love stories.

497pp. 5% x 8'/2 . 251 19-5 Pa. $9.95

ADVENTURES WITH A HAND LENS, Richard Headstrom. Clearly written

guide to observing and studying flowers and grasses, fish scales, moth and insect

wings, egg cases, buds, feathers, seeds, leaf scars, moss, molds, ferns, common
crystals, etc.— all with an ordinary, inexpensive magnifying glass. 209 exact line

drawings aid in your discoveries. 220pp. 5 3/8 x 8'/2 . 23330-8 Pa. $5.95

RODIN ON ART AND ARTISTS, Auguste Rodin. Great sculptor's candid, wide-

ranging comments on meaning of art; great artists; relation of sculpture to poetry,

painting, music; philosophy of life, more. 76 superb black-and-white illustrations

of Rodin's sculpture, drawings and prints. 1 19pp. 83
/« x 1 ]%. 24487-3 Pa. $7.95

FIFTY CLASSIC FRENCH FILMS, 1912-1982: A Pictorial Record, Anthony
Slide. Memorable stills from Grand Illusion, Beauty and the Beast, Hiroshima,

Mon Amour, many more. Credits, plot synopses, reviews, etc. 160pp. S l

A x
] l.

25256-6 Pa. $11.95

THE PRINCIPLES OF PSYCHOLOGY, William James. Famous long course

complete, unabridged. Stream of thought, time perception, memory, experimental

methods; great work decades ahead of its time. 94 figures. 1,391pp. 5 3
/« x 8 l/2 .

20381-6, 20382-4 Pa., Two-vol. set $25.90

BODIES IN A BOOKSHOP, R. T. Campbell. Challenging mystery of blackmail

and murder with ingenious plot and superbly drawn characters. In the best

tradition of British suspense fiction. 192pp. 5 3/8 x 8H. 24720-1 Pa. $4.95

CALLAS: Portrait of a Prima Donna, George Jellinek. Renowned commentator on
the musical scene chronicles incredible career and life of the most controversial,

fascinating, influential operatic personality of our time. 64 black-and-white

photographs. 416pp. 5% x 8'4. 25047-4 Pa. $8.95

GEOMETRY, RELATIVITY AND THE FOURTH DIMENSION, Rudolph
Rucker. Exposition of fourth dimension, concepts of relativity as Flatland

characters continue adventures. Popular, easily followed yet accurate, profound.

141 illustrations. 133pp. b% x w. 23400-2 Pa. $4.95

HOUSEHOLD STORIES BY THE BROTHERS GRIMM, with pictures by

Walter Crane. 53 classic stories—Rumpelstiltskin, Rapunzel, Hansel and Gretel,

the Fisherman and his Wife, Snow White, Tom Thumb, Sleeping Beauty,

Cinderella, and so much more— lavishly illustrated with original 19th-century

drawings. 114 illustrations, x + 269pp. 5% x %V2 . 21080-4 Pa. $4.95
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SUNDIALS, Albert Waugh. Far and away the best, most thorough coverage of

ideas, mathematics concerned, types, construction, adjusting anywhere. Over 100

illustrations. 230pp. 5ft * 8J4. 22947-5 Pa. $5.95

PICTURE HISTORY OF THE NORMANDIE: With 190 Illustrations, Frank O.

Braynard. Full story of legendary French ocean liner: Art Deco interiors, design

innovations, furnishings, celebrities, maiden voyage, tragic fire, much more.

Extensive text. 144pp. 8ft x 1 lft. 25257-4 Pa. SI 0.95

THE FIRST AMERICAN COOKBOOK: A Facsimile of "American Cookery.

"

1796, Amelia Simmons. Facsimile of the first American-written cookbook pub-

lished in the United States contains authentic recipes for colonial favorites

—

pumpkin pudding, winter squash pudding, spruce beer, Indian slapjacks, and

more. Introductory Essay and Glossary of colonial cooking terms. 80pp. 5ft x 8'/2.

24710-4 Pa. $3.50

101 PUZZLES IN THOUGHT AND LOGIC, C. R. Wylie, Jr. Solve murders and
robberies, find out which fishermen are liars, how a blind man could possibly

identify a color—purely by your own reasoning! 107pp. 5ft x m. 20367-0 Pa. $2.95

ANCIENT EGYPTIAN MYTHS AND LEGENDS, Lewis Spence. Examines
animism, totemism, fetishism, creation myths, deities, alchemy, art and magic,

other topics. Over 50 illustrations. 432pp. 5ft x 854. 26525-0 Pa. $8.95

ANTHROPOLOGY AND MODERN LIFE, Franz Boas. Great anthropologists

classic treatise on race and culture. Introduction by Ruth Bunzel. Only inexpensive

paperback edition. 255pp. 5ft x m. 25245-0 Pa. $6.95

THE TALE OF PETER RABBIT, Beatrix Potter. The inimitable Peter's terrifying

adventure in Mr. McGregor's garden, with all 27 wonderful, full-color Potter

illustrations. 55pp. 4H x 5!4. (Available in U.S. only) 22827-4 Pa. $1.75

THREE PROPHETIC SCIENCE FICTION NOVELS, H. G. Wells. When the

Sleeper Wakes, A Story of the Days to Come and The Time Machine (full version).

335pp. 5% x m. (Available in U.S. only) 20605-X Pa. $8.95

APICIUS COOKERY AND DINING IN IMPERIAL ROME, edited and translated

by Joseph Dommers Vehling. Oldest known cookbook in existence offers readers a

clear picture of what foods Romans ate, how they prepared them, etc. 49

illustrations. 301pp. 6% x 9'4. 23563-7 Pa. $7.95

SHAKESPEARE LEXICON AND QUOTATION DICTIONARY, Alexander

Schmidt. Full definitions, locations, shades of meaning of every word in plays and

poems. More than 50,000 exact quotations. 1,485pp. 654 x 914.

22726-X, 22727-8 Pa., Two-vol. set $31.90

THE WORLD'S GREAT SPEECHES, edited by Lewis Copeland and Lawrence

W. Lamm. Vast collection of 278 speeches from Greeks to 1970. Powerful and

effective models; unique look at history. 842pp. 5ft x 854. 20468-5 Pa. $12.95
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THE BLUE FAIRY BOOK, Andrew Lang. The first, most famous collection, with
many familiar tales: Little Red Riding Hood, Aladdin and the Wonderful Lamp,
Puss in Boots, Sleeping Beauty, Hansel and Gretel, Rumpelstiltskin; 37 in all. 138

illustrations. 390pp. 5X x 8& 21437-0 Pa. $6.95

THE STORY OF THE CHAMPIONS OF THE ROUND TABLE, Howard Pyle.

Sir Launcelot, Sir Tristram and Sir Percival in spirited adventures of love and
triumph retold in Pyle's inimitable style. 50 drawings, 31 full-page, xviii + 329pp.
6fcx9H. 21883-X Pa. $7.95

THE MYTHS OF THE NORTH AMERICAN INDIANS, Lewis Spence. Myths
and legends of the Algonquins, Iroquois, Pawnees and Sioux with comprehensive
historical and ethnological commentary. 36 illustrations. 5% x 8K2.

25967-6 Pa. $8.95

GREAT DINOSAUR HUNTERS AND THEIR DISCOVERIES, Edwin H.

Colbert. Fascinating, lavishly illustrated chronicle of dinosaur research, 1820s to

1960. Achievements of Cope, Marsh, Brown, Buckland, Mantell, Huxley, many
others. 384pp. 5!4 x 8!4. 24701-5 Pa. $7.95

THE TASTEMAKERS, Russell Lynes. Informal, illustrated social history of

American taste 1850s- 1950s. First popularized categories Highbrow, Lowbrow,
Middlebrow. 129 illustrations. New (1979) afterword. 384pp. 6x9.

23993-4 Pa. $8.95

DOUBLE CROSS PURPOSES, Ronald A. Knox. A treasure hunt in the Scottish

Highlands, an old map, unidentified corpse, surprise discoveries keep reader

guessing in this cleverly intricate tale of financial skullduggery. 2 black-and-white

maps. 320pp. 55i x W. (Available in U.S. only) 25032-6 Pa. $6.95

AUTHENTIC VICTORIAN DECORATION AND ORNAMENTATION IN

FULL COLOR: 46 Plates from "Studies in Design," Christopher Dresser. Superb

full-color lithographs reproduced from rare original portfolio of a major Victorian

designer. 48pp. 9K x 12M. 25083-0 Pa. $7.95

PRIMITIVE ART, Franz Boas. Remains the best text ever prepared on subject,

thoroughly discussing Indian, African, Asian, Australian, and, especially, North-

ern American primitive art. Over 950 illustrations show ceramics, masks, totem

poles, weapons, textiles, paintings, much more. 376pp. 5% x 8. 20025-6 Pa. $7.95

SIDELIGHTS ON RELATIVITY, Albert Einstein. Unabridged republication of

two lectures delivered by the great physicist in 1920-21. Ether and Relativity and

Geometry and Experience. Elegant ideas in nonmathematical form, accessible to

intelligent layman, vi + 56pp. 5H x W. 2451 1-X Pa. $3.95

THE WIT AND HUMOR OF OSCAR WILDE, edited by Alvin Redman. More
than 1 ,000 ripostes, paradoxes, wisecracks: Work is the curse of the drinking classes,

I can resist everything except temptation, etc. 258pp. 5% x 8K2. 20602-5 Pa. $4.95

ADVENTURES WITH A MICROSCOPE, Richard Headstrom. 59 adventures

with clothing fibers, protozoa, ferns and lichens, roots and leaves, much more. 142

illustrations. 232pp. b% x 8Y2. 23471-1 Pa. $3.95
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PLANTS OFTHE BIBLE, Harold N. Moldenke and Alma L. Moldenke. Standard

reference to all 230 plants mentioned in Scriptures. Latin name, biblical reference,

uses, modern identity, much more. Unsurpassed encyclopedic resource for scholars,

botanists, nature lovers, students of Bible. Bibliography. Indexes. 123 black-and-

white illustrations. 384pp. 6x9. 25069-5 Pa. $8.95

FAMOUS AMERICAN WOMEN: A Biographical Dictionary from Colonial

Times to the Present, Robert McHenry, ed. From Pocahontas to Rosa Parks, 1,035

distinguished American women documented in separate biographical entries.

Accurate, up-to-date data, numerous categories, spans 400 years. Indices. 493pp.
654 x9K. 24523-3 Pa. SI 0.95

THE FABULOUS INTERIORS OF THE GREAT OCEAN LINERS IN HIS-
TORIC PHOTOGRAPHS, William H. Miller, Jr. Some 200 superb photographs

capture exquisite interiors of world's great "floating palaces"— 1890s to 1980s:

Titanic, He de France, Queen Elizabeth, United States, Europa, more. Approx. 200

black-and-white photographs. Captions. Text. Introduction. 160pp. 8% x 11%.

24756-2 Pa. $9.95

THE GREAT LUXURY LINERS, 1927-1954: A Photographic Record, William

H. Miller, Jr. Nostalgic tribute to heyday of ocean liners. 186 photos of He de

France, Normandie, Leviathan, Queen Elizabeth, United States, many others.

Interior and exterior views. Introduction. Captions. 160pp. 9x12.

24056-8 Pa. $10.95

A NATURAL HISTORY OF THE DUCKS, John Charles Phillips. Great

landmark of ornithology offers complete detailed coverage of nearly 200 species and
subspecies of ducks: gadwall, sheldrake, merganser, pintail, many more. 74 full-

color plates, 102 black-and-white. Bibliography. Total of 1,920pp. 8% x \VA.

25141-1, 25142-X Cloth., Two-vol. set $100.00

THE SEAWEED HANDBOOK: An Illustrated Guide to Seaweeds from North

Carolina to Canada, Thomas F. Lee. Concise reference covers 78 species. Scientific

and common names, habitat, distribution, more. Finding keys for easy identifica-

tion. 224pp. 5% x 8& 25215-9 Pa. $6.95

THE TEN BOOKS OF ARCHITECTURE: The 1 755 Leoni Edition, Leon Battista

Alberti. Rare classic helped introduce the glories of ancient architecture to the

Renaissance. 68 black-and-white plates. 336pp. 8% x 1 m. 25239-6 Pa. $14.95

MISS MACKENZIE, Anthony Trollope. Minor masterpieces by Victorian master

unmasks many truths about life in 19th-century England. First inexpensive edition

in years. 392pp. 5% x 8H. 25201-9 Pa. $8.95

THE RIME OF THE ANCIENT MARINER, Gustave Dore, Samuel Taylor

Coleridge. Dramatic engravings considered by many to be his greatest work. The
terrifying space of the open sea, the storms and whirlpools of an unknown ocean,

the ice of Antarctica, more—all rendered in a powerful, chilling manner. Full text.

38 plates. 77pp. 9W x 12. 22305-1 Pa. $4.95

THE EXPEDITIONS OF ZEBULON MONTGOMERY PIKE, Zebulon Mont-

gomery Pike. Fascinating firsthand accounts ( 1 805-6) of exploration of Mississippi

River, Indian wars, capture by Spanish dragoons, much more. 1,088pp. 5% x 8!4.

25254-X, 25255-8 Pa., Two-vol. set $25.90



CATALOG OF DOVER BOOKS

A CONCISE HISTORY OF PHOTOGRAPHY: Third Revised Edition, Helmut
Gernsheim. Best one-volume history—camera obscura, photochemistry, daguer-

reotypes, evolution of cameras, film, more. Also artistic aspects—landscape,

portraits, fine art, etc. 281 black-and-white photographs. 26 in color. 176pp. 8%x 1154.

25128-4 Pa. $14.95

THE DORE BIBLE ILLUSTRATIONS, Gustave Dore. 241 detailed plates from
the Bible: the Creation scenes, Adam and Eve, Flood, Babylon, battle sequences, life

of Jesus, etc. Each plate is accompanied by the verses from the King James version of

the Bible. 241pp. 9 x 12. 23004-X Pa. $9.95

WANDERINGS IN WEST AFRICA, Richard F. Burton. Great Victorian scholar/

adventurer's invaluable descriptions of African tribal rituals, fetishism, culture, art,

much more. Fascinating 19th-century account. 624pp. 5% x 854. 26890-X Pa. $12.95

FLATLAND, E. A. Abbott. Intriguing and enormously popular science-fiction

classic explores the complexities of trying to survive as a two-dimensional being in

a three-dimensional world. Amusingly illustrated by the author. 16 illustrations.

103pp. 5% x 8/2. 20001-9 Pa. $2.50

THE HISTORY OF THE LEWIS AND CLARK EXPEDITION, Meriwether

Lewis and William Clark, edited by Elliott Coues. Classic edition of Lewis and
Clark's day-by-day journals that later became the basis for U.S. claims to Oregon
and the West. Accurate and invaluable geographical, botanical, biological,

meteorological and anthropological material. Total of 1,508pp. 5% x 854.

21268-8, 21269-6, 21270-X Pa., Three-vol. set $29.85

LANGUAGE, TRUTH AND LOGIC, Alfred J. Ayer. Famous, clear introduction

to Vienna, Cambridge schools of Logical Positivism. Role of philosophy,

elimination of metaphysics, nature of analysis, etc. 160pp. 5% x 854. (Available in

U.S. and Canada only) 20010-8 Pa. $3.95

MATHEMATICS FOR THE NONMATHEMATICIAN, Morris Kline. Detailed,

college-level treatment of mathematics in cultural and historical context, with

numerous exercises. For liberal arts students. Preface. Recommended Reading

Lists. Tables. Index. Numerous black-and-white figures, xvi + 641pp. 5% x 854.

24823-2 Pa. $11.95

HANDBOOK OF PICTORIAL SYMBOLS, Rudolph Modley. 3,250 signs and

symbols, many systems in full; official or heavy commercial use. Arranged by

subject. Most in Pictorial Archive series. 143pp. 85* x 1 1. 23357-X Pa. $7.95

INCIDENTS OF TRAVEL IN YUCATAN, John L. Stephens. Classic (1843)

exploration of jungles of Yucatan, looking for evidences of Maya civilization.

Travel adventures, Mexican and Indian culture, etc. Total of 669pp. 5% x 854.

20926-1, 20927-X Pa., Two-vol. set $1 1.90
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DEGAS: An Intimate Portrait, Ambroise Vollard. Charming, anecdotal memoir by

famous art dealer of one of the greatest 1 9th-century French painters. 1 4 black-and-

white illustrations. Introduction by Harold L. Van Doren. 96pp. 5H * 84.

25131-4 Pa. $4.95

PERSONAL NARRATIVE OF A PILGRIMAGE TO AL-MADINAH AND
MECCAH, Richard F. Burton. Great travel classic by remarkably colorful

personality. Burton, disguised as a Moroccan, visited sacred shrines of Islam,

narrowlv escaping death. 47 illustrations. 959pp. bh * 84.

21217-3, 21218-1 Pa., Two- vol. set $19.90

PHRASE AND WORD ORIGINS, A. H. Holt. Entertaining, reliable, modern
study of more than 1,200 colorful words, phrases, origins and histories. Much
unexpected information. 254pp. 5% x 8fc. 20758-7 Pa. $5.95

THE RED THUMB MARK, R. Austin Freeman. In this first Dr. Thorndyke case,

the great scientific detective draws fascinating conclusions from the nature of a

single fingerprint. Exciting storv, authentic science. 320pp. bh * 84. (Available in

U.S. only) 25210-8 Pa. $6.95

AN EGYPTIAN HIEROGLYPHIC DICTIONARY, E. A. Wallis Budge. Monu-
mental work containing about 25,000 words or terms that occur in texts ranging

from 3000 B.C. to 600 ad Each entry consists of a transliteration of the word, the

word in hieroglvphs, and the meaning in English. 1,314pp. 6H * 10.

23615-3, 23616-1 Pa., Two-vol. set $35.90

THE COMPLEAT STRATEGYST: Being a Primer on the Theory of Games of

Strategy, J. D. Williams. Highly entertaining classic describes, with many
illustrated examples, how to select best strategies in conflict situations. Prefaces.

Appendices, xvi + 268pp. b\ x 84. 25101-2 Pa. $6.95

THE ROAD TO OZ, L. Frank Baum. Dorothy meets the Shaggy Man, little

Button-Bright and the Rainbow's beautiful daughter in this delightful trip to the

magical Land of Oz. 272pp. 5H x 8. 25208-6 Pa. $5.95

POINT AND LINE TO PLANE. Wassily Kandinsky. Seminal exposition of role of

point, line, other elements in nonobjective painting. Essential to understanding

20th-century art. 127 illustrations. 192pp. 64 * 9'<. 23808-3 Pa. $5.95

LADY ANNA. Anthony Trollope. Moving chronicle of Countess Lovel's bitter

struggle to win for herself and daughter Anna their rightful rank and fortune-

perhaps at cost of sanity itself. 384pp. b\ x 8H. 24669-8 Pa. $8.95

EGYPTIAN MAGIC, E. A. Wallis Budge. Sums up all that is known about magic

in Ancient Egypt: the role of magic in controlling the gods, powerful amulets that

warded off evil spirits, scarabs of immortality, use of wax images, formulas and
spells, the secret name, much more. 253pp. b\ x 84. 22681-6 Pa. $4.50

THE DANCE OF SIVA, Ananda Coomaraswamy. Preeminent authority unfolds

the vast metaphysic of India: the revelation of her art, conception of the universe,

social organization, etc. 27 reproductions of art masterpieces. 192pp. 5^ x 84.

24817-8 Pa. $6.95
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CHRISTMAS CUSTOMS AND TRADITIONS, Clement A. Miles. Origin,

evolution, significance of religious, secular practices. Caroling, gifts, yule logs,

much more. Full, scholarly yet fascinating; non-sectarian. 400pp. 5 3
/s x 8&

23354-5 Pa. $6.95

THE HUMAN FIGURE IN MOTION, Eadweard Muybridge. More than 4,500

stopped-action photos, in action series, showing undraped men, women, children

jumping, lying down, throwing, sitting, wrestling, carrying, etc. 390pp. 7% x 10%.

20204-6 Cloth. $24.95

THE MAN WHO WAS THURSDAY, Gilbert Keith Chesterton. Witty, fast-paced

novel about a club of anarchists in turn-of-the-century London. Brilliant social,

religious, philosophical speculations. 128pp. 5% x 8'/2 . 25121-7 Pa. $3.95

A CEZANNE SKETCHBOOK: Figures, Portraits, Landscapes and Still Lifes, Paul

Cezanne. Great artist experiments with tonal effects, light, mass, other qualities in

over 100 drawings. A revealing view of developing master painter, precursor of

Cubism. 102 black-and-white illustrations. 144pp. 83
/< x 6%. 24790-2 Pa. $6.95

AN ENCYCLOPEDIA OF BATTLES: Accounts of Over 1,560 Battles from 1479

B.C. to the Present, David Eggenberger. Presents essential details of every major
battle in recorded history, from the first battle of Megiddo in 1479 B.C. to Grenada in

1984. List of Battle Maps. New Appendix covering the years 1967-1984. Index. 99

illustrations. 544pp. 6V2 x 9A. 24913-1 Pa. $14.95

AN ETYMOLOGICAL DICTIONARY OF MODERN ENGLISH, Ernest

Weekley. Richest, fullest work, by foremost British lexicographer. Detailed word
histories. Inexhaustible. Total of 856pp. &A x 914.

21873-2, 21874-0 Pa., Two-vol. set $19.90

WEBSTER'S AMERICAN MILITARY BIOGRAPHIES, edited by Robert

McHenry. Over 1,000 figures who shaped 3 centuries of American military history.

Detailed biographies of Nathan Hale, Douglas MacArthur, Mary Hallaren, others.

Chronologies of engagements, more. Introduction. Addenda. 1,033 entries in

alphabetical order, xi + 548pp. &A x 9%. (Available in U.S. only)

24758-9 Pa. $13.95

LIFE IN ANCIENT EGYPT, Adolf Erman. Detailed older account, with much not

in more recent books: domestic life, religion, magic, medicine, commerce, and

whatever else needed for complete picture. Many illustrations. 597pp. 5% x 8&
22632-8 Pa. $8.95

HISTORIC COSTUME IN PICTURES, Braun & Schneider. Over 1 ,450 costumed

figures shown, covering a wide variety of peoples: kings, emperors, nobles, priests,

servants, soldiers, scholars, townsfolk, peasants, merchants, courtiers, cavaliers,

and more. 256pp. 8% x \\V<. 23150-X Pa. $9.95

THE NOTEBOOKS OF LEONARDO DA VINCI, edited by J. P. Richter. Extracts

from manuscripts reveal great genius; on painting, sculpture, anatomy, sciences,

geography, etc. Both Italian and English. 186 ms. pages reproduced, plus 500

additional drawings, including studies for Last Supper, Sforza monument, etc.

860pp. 7% x 1
3
/4 . (Available in U.S. only) 22572-0, 22573-9 Pa., Two-vol. set $31.90
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THE ART NOUVEAU STYLE BOOK OF ALPHONSE MUCHA: All 72 Plates

from "Documents Decoratifs" in Original Color, Alphonse Mucha. Rare copy-

right-free design portfolio by high priest of Art Nouveau. Jewelry, wallpaper,

stained glass, furniture, figure studies, plant and animal motifs, etc. Only complete
one-volume edition. 80pp. 9% x \2 l

A. 24044-4 Pa. $10.95

ANIMALS: 1,419 Copyright-Free Illustrations of Mammals, Birds, Fish, Insects,

Etc., edited by Jim Harter. Clear wood engravings present, in extremely lifelike

poses, over 1,000 species of animals. One of the most extensive pictorial source-

books of its kind. Captions. Index. 284pp. 9 x 12. 23766-4 Pa. $10.95

OBELISTS FLY HIGH, C. Daly King. Masterpiece of American detective fiction,

long out of print, involves murder on a 1935 transcontinental flight
—

"a very

thrilling story"—NY Times. Unabridged and unaltered republication of the

edition published by William Collins Sons & Co. Ltd., London, 1935. 288pp. 5% x 8&
(Available in U.S. only) 25036-9 Pa. $5.95

VICTORIAN AND EDWARDIAN FASHION: A Photographic Survey, Alison

Gernsheim. First fashion history completely illustrated by contemporary photo-

graphs. Full text plus 235 photos, 1840-1914, in which many celebrities appear.

240pp. &A x 9K. 24205-6 Pa. $8.95

THE ART OF THE FRENCH ILLUSTRATED BOOK, 1700-1914, Gordon N.

Ray. Over 630 superb book illustrations by Fragonard, Delacroix, Daumier, Dore,

Grandville, Manet, Mucha, Steinlen, Toulouse-Lautrec and many others. Preface.

Introduction. 633 halftones. Indices of artists, authors & titles, binders and
provenances. Appendices. Bibliography. 608pp. 83

/« x 1 VA. 25086-5 Pa. $24.95

THE WONDERFUL WIZARD OF OZ, L. Frank Baum. Facsimile in full color of

America's finest children's classic. 143 illustrations by W. W. Denslow. 267pp.
5Xx8& 20691-2 Pa. $7.95

FOLLOWING THE EQUATOR: A Journey Around the World, Mark Twain.
Great writer's 1897 account of circumnavigating the globe by steamship. Ironic

humor, keen observations, vivid and fascinating descriptions of exotic places. 197

illustrations. 720pp. 5 3
/« x 8'/2 . 261 13-1 Pa. $15.95

THE FRIENDLY STARS, Martha Evans Martin & Donald Howard Menzel.

Classic text marshalls the stars together in an engaging, nontechnical survey,

presenting them as sources of beauty in night sky. 23 illustrations. Foreword. 2 star

charts. Index. 147pp. 534 x m. 21099-5 Pa. $3.95

FADS AND FALLACIES IN THE NAME OF SCIENCE, Martin Gardner. Fair,

witty appraisal of cranks, quacks, and quackeries of science and pseudoscience:

hollow earth, Velikovsky, orgone energy, Dianetics, flying saucers, Bridey Murphy,
food and medical fads, etc. Revised, expanded In the Name of Science. "A very able

and even-tempered presentation."

—

The New Yorker. 363pp. 5% x 8.

20394-8 Pa. $6.95

ANCIENT EGYPT: Its Culture and History, J. E. Manchip White. From pre-

dynastics through Ptolemies: society, history, political structure, religion, daily

life, literature, cultural heritage. 48 plates. 217pp. 5% x SV2 . 22548-8 Pa. $5.95
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SIR HARRY HOTSPUR OF HUMBLETHWAITE, Anthony Trollope. Incisive,

unconventional psychological study of a conflict between a wealthy baronet, his

idealistic daughter, and their scapegrace cousin. The 1870 novel in its first

inexpensive edition in years. 250pp. 5% x 8& 24953-0 Pa. $6.95

LASERS AND HOLOGRAPHY, Winston E. Kock. Sound introduction to

burgeoning field, expanded (1981) for second edition. Wave patterns, coherence,

lasers, diffraction, zone plates, properties of holograms, recent advances. 84

illustrations. 160pp. 5% x 8W. (Except in United Kingdom) 24041 -X Pa. $3.95

INTRODUCTION TO ARTIFICIAL INTELLIGENCE: Second, Enlarged

Edition, Philip C. Jackson, Jr. Comprehensive survey of artificial intelligence—the

study of how machines (computers) can be made to act intelligently. Includes

introductory and advanced material. Extensive notes updating the main text. 132

black-and-white illustrations. 512pp. 5% x 8'/2 . 24864-X Pa. $10.95

HISTORY OF INDIAN AND INDONESIAN ART, Ananda K. Coomaraswamy.
Over 400 illustrations illuminate classic study of Indian art from earliest Harappa
finds to early 20th century. Provides philosophical, religious and social insights.

304pp. 6% x 9%. 25005-9 Pa. $ 1 1 .95

THE GOLEM, Gustav Meyrink. Most famous supernatural novel in modern
European literature, set in Ghetto of Old Prague around 1890. Compelling story of

mystical experiences, strange transformations, profound terror. 13 black-and-white

illustrations. 224pp. 5% x W. (Available in U.S. only) 25025-3 Pa. $6.95

PICTORIAL ENCYCLOPEDIA OF HISTORIC ARCHITECTURAL PLANS,
DETAILS AND ELEMENTS: With 1,880 Line Drawings of Arches, Domes,
Doorways, Facades, Gables, Windows, etc., John Theodore Haneman. Sourcebook

of inspiration for architects, designers, others. Bibliography. Captions. 141pp. 9 x 12.

24605-1 Pa. $7.95

BENCHLEY LOSTAND FOUND, Robert Benchley. Finest humor from early 30s,

about pet peeves, child psychologists, post office and others. Mostly unavailable

elsewhere. 73 illustrations by Peter Arno and others. 183pp. 5% x 8H.

22410-4 Pa. $4.95

ERTE GRAPHICS, Erte. Collection of striking color graphics: Seasons, A Iphabet,

Numerals, Aces and Precious Stones. 50 plates, including 4 on covers. 48pp. 9% *12 1

A.

23580-7 Pa. $7.95

THE JOURNAL OF HENRY D. THOREAU, edited by Bradford Torrey, F. H.

Allen. Complete reprinting of 14 volumes, 1837-61, over two million words; the

sourcebooks for Walden, etc. Definitive. All original sketches, plus 75 photographs.

1,804pp. m x 12!4. 20312-3, 20313-1 Cloth., Two-vol. set $130.00

CASTLES: Their Construction and History, Sidney Toy. Traces castle develop-

ment from ancient roots. Nearly 200 photographs and drawings illustrate moats,

keeps, baileys, many other features. Caernarvon, Dover Castles, Hadrian's Wall,

Tower of London, dozens more. 256pp. 5% x 8K. 24898-4 Pa. $6.95
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AMERICAN CLIPPER SHIPS: 1833-1858, Octavius T. Howe & Frederick C.

Matthews. Fully-illustrated, encyclopedic review of 352 clipper ships from the

period of America's greatest maritime supremacy. Introduction. 109 halftones. 5

black-and-white line illustrations. Index. Total of 928pp. 5% x S l

A.

25115-2, 25116-0 Pa., Two-vol. set $17.90

TOWARDS A NEW ARCHITECTURE, Le Corbusier. Pioneering manifesto by

great architect, near legendary founder of "International School." Technical and
aesthetic theories, views on industry, economics, relation of form to function,

"mass-production spirit," much more. Profusely illustrated. Unabridged transla-

tion of 13th French edition. Introduction by Frederick Etchells. 320pp. 6^ x 9'4.

(Available in U.S. only) 25023-7 Pa. $8.95

THE BOOK OF KELLS, edited by Blanche Cirker. Inexpensive collection of 32

full-color, full-page plates from the greatest illuminated manuscript of the Middle

Ages, painstakingly reproduced from rare facsimile edition. Publisher's Note.

Captions. 32pp. 9% x \2V<. 24345-1 Pa. $5.95

BEST SCIENCE FICTION STORIES OF H. G. WELLS, H. G. Wells. Full novel

The Invisible Man, plus 17 short stories: "The Crystal Egg," "Aepyornis Island,"

"The Strange Orchid," etc. 303pp. 5\ x 8£ (Available in U.S. only)

21531-8 Pa. $6.95

AMERICAN SAILING SHIPS: Their Plans and History, Charles G. Davis.

Photos, construction details of schooners, frigates, clippers, other sailcraft of 18th

to early 20th centuries—plus entertaining discourse on design, rigging, nautical

lore, much more. 137 black-and-white illustrations. 240pp. 6% x 9^.

24658-2 Pa. $6.95

ENTERTAINING MATHEMATICAL PUZZLES, Martin Gardner. Selection of

author's favorite conundrums involving arithmetic, money, speed, etc., with lively

commentary. Complete solutions. 1 12pp. 5% x 8& 2521 1-6 Pa. $3.50

THE WILL TO BELIEVE, HUMAN IMMORTALITY, William James. Two
books bound together. Effect of irrational on logical, and arguments for human
immortality. 402pp. h% x m. 20291-7 Pa. $8.95

THE HAUNTED MONASTERY and THE CHINESE MAZE MURDERS,
Robert Van Gulik. 2 full novels by Van Gulik continue adventures of Judge Dee and
his companions. An evil Taoist monastery, seemingly supernatural events;

overgrown topiary maze that hides strange crimes. Set in 7th-century China. 27

illustrations. 328pp. 5X x m. 23502-5 Pa. $6.95

CELEBRATED CASES OF JUDGE DEE (DEE GOONG AN), translated by

Robert Van Gulik. Authentic 18th-century Chinese detective novel; Dee and
associates solve three interlocked cases. Led to Van Gulik's own stories with same
characters. Extensive introduction. 9 illustrations. 237pp. 5% x 8H.

23337-5 Pa. $5.95

Prices subject to change without notice.

Available at your book dealer or write for free catalog to Dept. GI, Dover

Publications, Inc., 31 East 2nd St., Mineola, N. Y. 1 1501. Dover publishes more than

175 books each year on science, elementary and advanced mathematics, biology,

music, art, literary history, social sciences and other areas.
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1800 Riddles, Enigmas and Conundrums, Darwin A. Hindman.
(21059-6) $3.95

A First Cookbook for Children, Evelyne Johnson and Christopher

Santoro. (24275-7) $2.95

The Fun with Tangrams Kit, Susan Johnston. (23436-3) $2.95

Tangrams ABC Kit, Susan Johnston. (23853-9) $3.50

Easy Carpentry Projects for Children, Jerome E. Leavitt.

(25057-1) $3.95
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Physics Experiments for Children, Muriel Mandell. (22033-8) $2.95

Human Anatomy Coloring Book, Margaret Matt and Joe Ziemian.
(24138-6) $2.95

Puzzle, Quiz and Stunt Fun, Jerome Meyer. (20337-9) $4.95

My Very First Book of Cowboy Songs, Dolly Moon. (24311-7) $3.50

Chemistry Experiments for Children, Virginia L. Mullin.

(22031-1) $2.95

A First Stamp Album for Beginners, Robert Obojski. (23843-1) $3.50

Tangrams: 330 Puzzles, Ronald C. Read. (21483-4) $3.95

Electricity Experiments for Children, Gabriel Reuben. (22030-3) $2.95

Mazes and Labyrinths: A Book of Puzzles, Walter Shepherd.
(20731-5) $3.50

Cut and Assemble 3-D Geometrical Shapes, A. G. Smith. (25093-8) $5.95

Indian Sign Language, William Tomkins. (22029-X) $3.50

Merlin's Puzzle Pastimes, Charles Barry Townsend. (25123-3) $3.50

Science Experiments and Amusements for Children, Charles Vivian.

(21856-2) $3.50
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Paperbound unless otherwise indicated. Prices subject to change
without notice. Available at your book dealer or write for free catalogues
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Martin Gardner
ENTERTAINING
SCIENCE

EXPERIMENTS
WITH EVERYDAY OBJECTS
To Martin Gardner, seeing is not just believing— it is understanding. This

fundamental rule has made him one of the most successful teachers and
popularizers of science in America. With the simple instructions in this

book and a few commonly available household objects, you or your child

can easily learn even the most difficult scientific principles by directly

experiencing how they work.

Gardner shows you how to re-create classic experiments with easily

obtainable objects. Using just a flashlight, a pocket mirror and a bowl of

water, you can demonstrate the color composition of white light just as

Newton did three hundred years ago. With cardboard, colored paper and

wax paper you can perform "Meyer's experiment" with complementary

colors. You need only a playing card, a spool and a thumbtack to

demonstrate Bernoulli's principle of aerodynamics. A soda bottle filled with

water, a few paper matches and a toy balloon elucidate Pascal's law

governing pressure in liquids. And two drinking glasses, some matches and

a piece of wet blotting paper re-create a famous experiment, first performed

in 1650 in Magdeburg, Germany, that dramatically reveals the force of

ordinary atmospheric pressure.

In language simple enough to be easily understood by an eleven-year-old,

yet technically accurate and informative enough to benefit adults, and

aided by Anthony Ravielli's clear illustrations, Gardner presents a splendid

practical course in basic science and mathematics. While your child

perplexes and delights his or her friends with a series of one hundred

amusing tricks and experiments, he or she is learning the principles of

Astronomy, Chemistry, Physiology, Psychology, General Mathematics,

Topology, Probability, Geometry, Numbers, Optics (Light), Gravity,

Static Electricity, Mechanics, Air, Hydraulics, Thermodynamics (Heat),

Acoustics (Sound), and Inertia. This is a perfect refresher course for adults,

as well as an ideal introduction to science for youngsters.

"The experiments ... all are clearly explained and unusually well

illustrated."— Booklist.

Unabridged (1981) republication, slightly corrected, of the work first

published in 1960 by The Viking Press, N.Y., under the title Science

Puzzlers. Over 100 illustrations. Introduction. 127pp. 5% x 8 lA.

Paperbound.
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